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FOREWORD 

In October 1975 the Venera 9 and Venera 10 interplanetary 
automatic stations reached the closest approach to the planet 
Venus. Two descent modules made a soft landing on the surface 
of the planet, and for the first time two artificial satellites 
went into orbits around the planet. For the first time photo- 
television panoramas of the landing site were obtained and the 
soil density of the surface was determined. The complex of 
instrumentation on the descent modules.was used to measure the 
meteorological characteristics, optical properties of clouds, 
and to study physical and geologomorphological characteristics 
of the surface. A multilayer cloud cover structure was found 
and particle sizes were estimated at different altitudes above 
the surface. Investigation of the cloud layer and the atmosphere 
was conducted simultaneously on the orbiting modules with optical 
and radiophysical devices. Onboard the artificial satellites 
a bistatic radar scan of the planet was made for the first time, 
yielding data on surface terrain. The instrumentation aboard 
the artificial Venus satellites yielded much nnw information 
on the magnetic field near the planet, on the interaction 
between solar wind and planet, on the night and day ionospheres, 
and information on the upper planetary surface. 

This collection gives brief reports of the preliminary 
findings from processing the data of the scientific experiments. 
Most of the reports are summaries of articles presented in the 
journal Kosmicheskiye Issledovaniya. These articles will be 
published in a special theme issue at the close of 1976. 
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1. SURFACE STUDIES /qa 

PHOTOGRAMMETRIC PROCESSING OF MATERIALS OF A TELEVISION 
SURVEY OF THE SURFACE OF VENUS 

B. V. Nepoklonov, Yu. S. T y u f l i n ,  and Ye. Aleksash in  

On 22 and 25 October  1975, a t e l e v i s i o n  su rvey  was made 
o f  t h e  Venusian s u r f a c e  from t h e  d e s c e n t  modules (DM) o f  t h e  
Venera 9 and Venera 1 0  au tomat i c  s t a t i o n s .  The su rvey  was done 
w i t h  t e l e v i s i o n  opt ico-mechanica l  panorama t y p e  cameras .  

The t e l e v i s i o n  panoramas o b t a i n e d  on Ear th  a f t e r  t h e  s i g n a l s  
were relayed w i t h  t h e  Venera 9 and  Venera 1 0  a r t i f i c i a l  s a t e l l i t e s  
a f f o r d e d  t h e  f i r s t  r e p r e s e n t a t i o n  o f  t h e  f e a t u r e s  o f  t h e  Venusian 
s u r f a c e .  

E a r t h  i n t e r p r e t a t i o n  of t h e  t e l e v i s i o n  parameters of t h e  
Venuslan s u r f a c e  i n c l u d e d :  

d i g i t a l  p r o c e s s i n g  t o  e l i m i n a t e  panorama d i s t o r t i o n s  (mal- 
f u n c t i o n  o f  sweep t r a c e  and p u l s e  n o i s e )  

" i n s e r t i o n "  of i n f o r m a t i o n  i n s t e a d  of  telemetry c u t s  from 
p a r t  o f  t h e  panoramas o b t a i n e d  i n  t h e  r e v e r s e  sweep of  t h e  
cameras 

g e o m e t r i c a l  t r a n s f o r m a t i o n  of t h e  t e l e v i s i o n  panoramas t o  
c o n v e r t  them i n t o  panoramas w i t h  a v e r t i c a l  a x i s  of  panorama 
sweep, and 

c o n s t r u c t i n g  topograph ic  mosa ics  o f  t h e  l a n d i n g  s i t e  o f  
t he  Venera 9 and Venera 1 0  d e s c e n t  modules.  

When the  t o p o g r a p h i c  mosa ics  were c o n s t r u c t e d ,  t h e  p l ane -  
t a r y  s u r f a c e  was approximated  by t h e  p l a n e  o v e r  t h e  area photo-  
graphed. O r i e n t a t i o n  of t h e  cameras was de te rmined  r e l a t i v e  t o  
t h e  normal  t o  t h e  approx ima t ing  s u r f a c e .  The p o s i t i o n  of t h e  
normal i n  t h e  r e c o r d i n g  camera c o o r d i n a t e  s y s t e m  was found from 
t h e  image o f  t h e  v i s i b l e  h o r i z o n  l i n e  on t h e  panorama. - 1 5  

Topographic  mosaics  were p l o t t e d  as p r o j e c t i o n s  of  images 
of  t h e  t e l e v i s i o n  panoramas o n t o  t h e  approx ima t ing  s u r f a c e .  

*Numbers i n  t h e  mzrgin i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  

1 



I n t e r p r e t a t i o n  of t h e  t e l e v i s i o n  panoramas showed t h a t  t h e  
Venera 9 d e s c e n t  modules had landed  a t  a p o r t i o n  o f  t h e  s u r f a c e  
t h a t  had an i n c l i n a t i o n  t o  t h e  g r a v i t a t i o n a l  v e r t i c a l  o f  30'. 
A l l  t h e  s u r f a c e  r eco rded  was occupied  by rocky d e t r i t u s ,  w i t h  
rock  s i z e  from s e v e r a l  c e n t i m e t e r s  t o  1-2 m. 

The i n t e r v a l s  between t h e  r o c k s  were covered  w i t h  Venusian 
s o i l ,  r e sembl ing  l u n a r  r e g o l i t h  i n  s t r u c t u r e .  

The l a n d i n g  s i t e  of Venera 1 0  was l e v e l .  The a n g l e  of  
i n c l i n a t i o n  of t h e  s t a t i o n  t o  t h e  g r a v i t a t i o n a l  v e r t i c a l  was 
8'. F a i r l y  smoot\ ou tc ropp ings  of bedrock w i t h  traces of 
t empera tu re  and wind e r o s i o n  could  be s e e n  a t  t h e  l a n d i n g  s i te .  
Reworked material of  t h e  s u r f i c i a l  l a y e r  had an  a l b e d o  10-15 
times weaker t h a n  t h e  bedrock a lbedo .  Loca l  i r r e g u l a r i t i e s  were 
up t o  s e v e r a l  c e n t i m e t e r s  i n  s i z e .  

2 



TERRAIN OF TWO AREAS OF VENUS FROM BISTATIC 
RADAR SCAN OF THE PLANET WITH VENERA 10  ARTIFICIAL SATELLITE 

M. A .  Kolosov, 0. I. Yakovlev, A .  G .  Pave l 'yev ,  
S. L. Azarkh, A. I .  Kucheryavenkov, S. S. Matyugov, 
V. I. K a y e v i t s e r ,  Q. I. Roga l ' sk iy ,  V.  S. Polyakov, 

and I. E. Kalashnikov 

R e s u l t s  of a n  experiment  on a b i s t a t i c  radar s c a n  o f  two 
areas of Venus 800 and 600 km i n  s i z e  a re  p r e s e n t e d .  The d i s -  
t a n c e  between t h e  a r e a s  i n v e s t i g a t e d  was 400 km, and t h e i r  
wid th  was about  20 km. The c o o r d i n a t e s  o f  t h e  i n i t i a l  and 
t e r m i n a l  s e c t i o n s  f o r  t h e  f i r s t  p a r t  of t h e  s u r f a c e  were: 

c o o r d i n a t e s  of  t h e  i n i t i a l  ar,d t e r m i n a l  s e c t i o n s  f o r  t h e  second 
p a r t  of t h e  s u r f a c e  were: l a t i t u d e  17.5" and - 13.6", and 
l o n g i t u d e  219.6' and 224.5" (F ig .  1). 

/6  l a t i t u d e  19.7' and - 11.6", l o n g i t u d e  223.5' and 232.4". ThL T- 

The i n v e s t i g a t i o n  showed t h a t  t y p i c a l  o f  t h e  f i rs t  area 
i s  a t r a n s i t i o n  from l e v e l  s e c t i o n s  t o  a mountainous l o c a l e ,  
u p t h r u s t  about  2 km above t h e  mean s u r f a c e .  A t  t h e  end o f  t h e  
r o u t e  was observed a r e v e r s e  t r a n s i t i o n  t o  s e c t i o n s  below t h e  
mean s u r f a c e  l e v e l .  The root-mean-square i n c l i n a t i o n s  o f  t h e  
i - r e g u l a r i t i e s  I n  t h e  f i rs t  area v a r i e d  i n  t h e  r ange  2°-53. 
The seconc! o f  t h e  r e g i o n s  s t u d i e d  had  a lowland t e r r a i n .  The 
i n c l i n a t i o n s  o f  t h e  i r r e g u l a r i t i e s  i n  t h i s  area a v t r a g e d  1.5' + - 

Venus w i t h  t h e  l u n a r  
area w i t h  t h e  h i l l y  
t o  t h e  up lands .  The 
t h e  l u n a r  maria. 

- 
- + 0 .5 " .  

The comparison o f  t h e  areas s t u d i e d  on 
s u r f a c e  i n d i c a t e s  a s i m i l a r i t y  t o  t h e  f i r s t  
p o r t i o n s ,  t r a n s i t i o n a l  frm the  l u n a r  maria 
second r e g i o n  i s  analogous t o  t h e  p l a n e s  of 
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MEASUREMENT OF WIND VELOCITY AT THE SURFACE OF VENUS 

M 

V. S.  Avduyevskiy, S. L. V i shneve t sk iy ,  I .  A .  Golov, 
Yu. Ya. Karneyskiy,  A .  D .  Pavlov,  V. Ya. Likhumin, . Ya. Marov, D .  A .  Mel'nikov, I ,  N .  Pomogin, N .  N. Pron ina ,  

K .  A .  Razin,  and V. G .  Fokin  

I n  expe r imen t s  w i t h  t h e  Venera 9 and Venera 1 0  au tomat i c  
i n t e r p l a n e t a r y  s t a t i o n s  [AIS], wind v e l o c i t y  a t  t h e  p l a n e t a r y  
s u r f a c e  was measured f o r  t h e  f i r s t  time. The s y s t e m  o f  
measuring wind v e l o c i t y  ( t h e  WVM i n s t r u m e n t )  deve loped  f o r  
these s t a t i o n s  f u n c t i o n e d  as p a r t  of t h e  d e s c e n t  modules (DM) 
o v e r  t h e  t e r m i n a l  s e c t i o n  o f  t h e  d e s c e n t  and d u r i n g  t h e  p e r i o d  
of s u r f a c e  o p e r a t i o n .  The i n s t r u m e n t  i n c l u d e d  two cup-type 
anemoneters  3 .ns t a l l ed  above t h e  d e c e l e r a t i o n  f l a p  o f  t h e  DM a t  
a height  of' H = 1 . 3  m from t h e  base of t h e  l a n d i n g  s i t e .  The 
anemometers were a l t e r n a t e l y  connsc ted  t o  a n  e l e c t r o n i c  f re -  
quency meter, whose o u t p u t  v o l t a g e  was t r a n s m i t t e d  a l o n g  one 
of t h e  telemetry channe l s .  The s y s t e m  was des igned  t o  measure 
t h e  modulus of t h e  wind v e l o c i t y  independent  of i t s  d i r e c t i o n .  
The i n s t r u m e n t  had no h e a t - p r o t e c t i v e  c o a t i n g  and i t  o p e r a t e d  a t  
abou t  500° C and a t  a p r e s s u r e  of about  1 0 0  atm a f t e r  b e i n g  
acted on by l a r g e  shock g- loads .  Choice of  t h e  best  anemometer 
l a y o u t  on t h e  DM ( i n  c o n d i t i o n s  o f  r i g i d  we igh t ,  d i m e n s i o n a l ,  
and f u n c t i o n a l  c o n s t r a i n t s )  and c a l i b r a t i o n  of  t h e  i n s t r u m e n t  
r e q u i r e d  a complex of  aero-gas dynamic developments  and i n v e s t i -  
g a t i o n s .  The c a l i b r a t i o n  dependence of  t h e  i n s t r u m 3 n t ' s  o u t p u t  
v o l t a g e  on wind v e l o c i t y  was o b t a i n e d  w i t h  r e f e r e n c e  t o  +,he 
e f f e c t  o f  f u l l - s c a l e  pa rame te r s  on t h e  Venusian s u r f a c e  and t h e  
geometry o f  t h e  DM i n  c o n d i t i o n s  o f  a c i r c u l a r  i n f l o w .  Gas-dynamic 
s t u d i e s  and t h e r x a l - s t r e n g t h  t e s t s  o f  t h e  i s o l a t e d  i n s t r u m e n t  
(wi thou t  t h e  DM) were made w i t h  t h e  r e p r o d u c t i o n  of  a f u l l -  
s c a l e  v a l u e s  o f  t h e  Reynolds number, d e n s i t y ,  t e m p e r a t u r e ,  and 
v e l o c i t y .  The e r r o r  of t h e  i s o l a t e d  i n s t r u m e n t  when V = 0.5-1 
m/sec was i n  t h e  r ange  + 0 . 2  m/sec,  and t h e  s e n s i t i v i t y  
t h r e s h o l d  was below O . l m / s e c .  The e f f e c t  o f  t h e  DM on 
i n s t r u m e n t  performance was s t u d i e d  i n  a wind t u n n e l  and i n  a 
m e t e o r o l o g i c a l  p rov ing  ground. In s t rumen t  s e T v i c e a b i l i t y  was 
ach ieved  i n  complex c o n d i t i o n s  of  a l t e r n a t e  flow pas t  a DM o f  
unusua l  c o n f i g u r a t i o n a t  a small e l e v a t i o n  o f  anemometer p l a c e -  
ment above t h e  d e c e l e r a t i o n  f l a p .  The e x t e n t  o f  t h e  e f f e c t  o f  
t h e  DM on in s t rumen t  r e a d i n g s  when two s e n s o r s  were o p e r a t i n g  
and when t h e  a n g l e s  of  d e f l e c t i o n  of t h e  module a x i s  from t h e  
normal 50  t h e  p l a n e t a r y  s u r f a c e  was less  t h a n  10' was found 
w i t h  t h e  p r o b a b i l i t y  of  more t h a n  0 . 9  i n  t h e  r ange  2 20 p e r c e n t  
of  t h e  measured wind v e l o c i t y .  

- /8  
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I n  an exper iment  on Venera 9, t h e  wind v e l o c i t y  a t  t h e  
Venusian s u r f a c e  was measured w i t h  two s e n s o r s .  The mean wind 
v e l o c i t y  d u r i n g  t h e  t i m e  t h e  s t a t i o n  was f u n c t i o n i n g  was found 
c l o s e  t o  0.5 m/sec. I n  a n  exper iment  on Venera 1 0 ,  t h e  mean 
wind v e l o c i t y  was V = 1 m/sec. 
were small. 

The v a r i a t i o n s  of t h i s  q u a n t i t y  / 9  - 

Thus, wind a t  a v e l o c i t y  V = 0.5-1 m/sec was d e t e c t e d  a t  
an  e l e v a t i o n  of about  1 m above t h e  Venusian s u r f a c e .  
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RESULTS OF GEOLOGO-MORPHOLOGICAL ANALYSIS CF 
SURFACE PANORAMAS 

K. P. F lo rensk iy ,  A. T. Baz i l evsk iy ,  and A. A .  Pronin 

Analys is  o f  t e l e v i s i o n  images af t h e  Venusian s u r f a c e  
t r a n s m i t t e d  from the  descent  modules of Venera 9 and Venera 10 
showed t h a t  t he  Venera 9 descen t  module [DM] l a n d i n g  s i t e  was 
i n  a d e t r i t u s  o f  a c i c u l a r  rocks  cove r ing  a f a i r l y  steep s l o p e ,  
and t h e  Venera 10 DM had landed on a level locale w i t t .  rounded 
oti tcroppings o f  bedrock. S igns  of breakdown were v i s i b i e  i n  
the rocks o f  t h e  Venera 10 DM l a n d i n r  s i t e ,  caused by s u i 3 f i c i a l  
a g e n t s  -- sand c o r r o s i o n  type  rounding of edges and c e l l u l a r  
weather ing type  p i t t i n g  of  rock  faces. A t  bo th  l a n d i n g  s i t e s  
r e l a t i v e l y  f ine-gra ined ,  porous,  probably l o o s e  s o i l  was 
observed between t h e  zocks.  The high degree  of s u r f a c e  s t o n i -  
nes s  a t  t he  l and ing  si tes i s  i n  agi’eement w i t h  ea r l i e r  radar 
estimates of  t h e  mean d e n s i t y  of  s u r f i c i a l  s a t e r i a l ;  t h i s  
a l lows  us t o  r ega rd  t h e  landscapes  o f  the areas s t u d i e d  t o  be 
t y p i c a l  o f  Vnnus. The g e n e r a l  h igh  s t o n i n e s s  o f  t h e  Venusian 
s u r f a c e  may i n d i c a t e  weak i f i t e n s i t y  of breakdown and t r a n s p o r t  
o f  s u r f i c i a l  material and t h e  low p r o b a b i l i t y  tha t  t h i c k  s t r a t a  
of  sedimentary rocks  had formed. 
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DENSITY OF SURFICIAL ROCKS OF VENUS FROM DATA RECORDED 
ON VENERA 1 0  AUTOMATIC INTERPLANETARY STATION /10 

Yu. A .  Surkov, F. F. Kirnozov, V .  K .  K h r i s t i a n o v ,  
V. N .  Glazov, V. F. Ivanov,  and V. N. Ko-3cbuganov 

Knowledge o f  t h e  d e n s i t y  of t h e  s u r f i c i a l  r o c k s  o f  Venus 
i s  v i t a l  bo th  f o r  unders tandin :  t h e  d i r e c t i o n  o f  geochemical  
p r o c e s s e s  o c c u r r i n g  on t h e  p l a n e s  and i n  e s t i m a t i n g  p h y s i c a l -  
e n g i n e e r i n g  parameters o f  p l a n e t a r y  c o i l .  

Before the f l i g h t  o f  t h e  Venera 1 0  s p a c e c r a f t ,  on ly  r a d a r  
and r ad io -as t ronomica l  o b s e r v a t i o n s  were t h e  source  o f  informa- 
t i o n  on d e n s i t y .  

Data o f  these methods have large s c a t t e r  and are averaged  
f o r  more o r  less s i g n i f i c a n t d e p t h s ;  t h e y  cannot  c h a r a c t e r i z e  
t h e  upper  rock  l a y e r  d i r e c t l y  i n  c o n t a c t  w i t h  t h e  atmosphere.  
T h e r e f o r e  a d i r e c t  d e t e r m i n a t i o n  o f  rock d e n s i t y  u s i n g  a radia- 
t i o n  dens ime te r  was made on t h e  Venera 10 d e s c e n t  module. 

The method was based on s c a t t e r i n g  o f  gamma r a d i a t i o n  by  
t h e  medium analyzed .  The three-probe  dens ime te r  d e s i g n  developed 
was capab le  of a n a l y z i n g  rock  d e n s i t y  under  extrema1 c l i m a t i c  
c o n d i t i o n s  e x i s t i n g  on t h e  s u r f a c e  o f  Venus ( p r e s s u r e  t o  100  
atm and t empera tu re  t o  500° C ) .  

The t e l e m e t r i c  data  o b t a i n e d  i n d i c a t e  t h a t  t h e  in s t rumen t  
wholly r e t a i n e d  i t s  parameters d u r i n g  t h e  f l i g h t  from Ear th  t o  
Venus and f u n c t i o n e d  s t a b l y  d u r i n g  t h e  d e s c e n t  and on t h e  
p l a n e t a r y  s u r f a c e .  

From t h e  r e a d i n g s  o f  t h e  t h r e e  dens ime te r  p robes ,  t a k i n g  
s t a t i s t i c a l  e r r o r s  i n t o  accoun t  i n  de ’e rmin ing  t h e  coun t ing  /11 
ra tes  a t  t h e  Venusian s u r f a c e  and errcrs a s s o c i a t e d  w i t h  c a l i b r a -  
t i o n ,  i t  was found t h a t  t h e  d e n s i t y  of m o n o l i t h i c  rock  i s  2.8 + - 
- t 0.1 g/cm3. 

The r eco rded  Venusian rock  d e n s i t y  ev idences  t h a t  ou tc ropp ings  
of rocky fo rma t ions  v i s i b l e  on t h e  s u r f a c e  parameter are r e p r e -  
s e n t e d  by f a i r l y  dense  r o c k ,  on ly  s l i g h t l y  modi f ied  by s u r f i c i a l  
p r o c e s s e s .  T h i s  rock  d e n s i t y  v a l u e  i s  a l s o  i n  agreement w i t h  
ou r  concept  of  t h e  b a s a l t  composi t ion  of t h e  p l a n e t a r y  c o r e  i n  
t h e  a r e a  of  t h e  s t a t i o n ’ s  l a n d i n g  s i t e .  The d e n s i t y  of 2 .7-2 .9  
g/cm3, i n  terms o f  t e r r e s t r i a l  a n a l o g s ,  i n d i c a t e s  basal ts  of 
massive t e x t u r e  w i t h  low p o r o s i t y .  These r o c k s  could  have formed 
w i t h  slow c o o l i n g  of  b a s a l t i c  l a v a s  and on ly  s l i g h t  g a s  r e l e a s e .  
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From t h e  d e n s i t y  r eco rded ,  p e r t a i n i n g  t o  t h e  uppermost rock  
layer 5-7 cm t h i c k ,  w e  may conclude  t h a t  t h e  r o c k s  are chemica l ly  
s table  i n  the Venusian atmosphere.  E v i d e n t l y ,  t h e y  were n o t  
s u b j e c t  t o  s t r o n g  m e c h m i c a l  wea the r ing .  The low e f f e c t i v e n e s s  
of these p r o c e s s e s  i s  i n d i c a t e d  a l s o  by t h e  morphologica l  
f e a t u r e s  o f  t h e  s u r f a c e  observed  i n  t h e  panoramas. Thus, the  
r e s u l t s  o f  the exper iment  f u r n i s h  grounds f o r  r e v i s i n g  the  
earl€er-held idea tha t  i n t e n s i v e  e r o s i v e  p rocesses  o c c u r  on 
the  Venusian s u r f a c e .  
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INVESTIGATION OF GAMMA-RADIATION OF VENUS 

Yu. A .  Surkov, F. F. Kirnozov, V. N ,  Glazov, 
and G.  A .  Fedoseyev 

Measurements of gamma-radiation s p e c t r a  i n  t h e  energy  r a n g e  
1.0-3.0 MeV were made a l o n g  t h e  space s t a t i o n  d e s c e n t  p a t h  i n  
t h e  Venusian atmosphere and  a f te r  l a n d i n g  on t h e  p l a n e t a r y  
s u r f a c e ,  u s i n g  s c i n t i l l a t i o n  gamma-spectrometers onboard t h e  
d e s c e n t  modules of Venera 9 and  Venera 10. 
r e s u l t s  based on c a l c u l a t i o n  measurements of d i f f e r e n t  magmatic 
r o c k s  of the  E a r t h ,  w i t h  r e f e r e n c e  t o  errors caused  by t h e  
e f f e c t  or' t he  dense  Venusian atmosphere a f f o r d e d  a d e t e r m i n a t i o n  
of t h e  c o n t e n t  o f  n a t u r a l  r a d i o a c t i v e  e l emen t s  i n  t h e  s t a t i o n  
l a n d i n g  si te.  

/12 - Analys i s  of t h e  

TABLE 
Content  of K ,  U,  and Th i n  Venusian rocks  

Rocks a t  

the DM 
l a n d i n g  
s i t e  

Content  

Po t  ass ium Uranium I Thorium 

% IO-% 

P r e l i m i n a r y  examinat ion  of these data showed t h a t  Venusian 
r o c k s  a t  bo th  p l a n e t a r y  s i tes  are similar i n  t h e i r  c o n t e n t  of 
n a t u r a l  r a d i o a c t i v e  e l emen t s  t o  basalt  t y p e  t e r r e s t r i a l  iDocks 
( t h o l e i i t i c  and a l k a l i c )  and d i f f e r  markedly from t h e  r o c k s  a t  
t h e  l a n d i n g  s i t e  of Venera 8 au tomat i c  i n t e r p l a n e t a r y  s t a t i o n .  

Comparison w i t h  data r eco rded  w i t h  a r a d i a t i o n  d e n s i m e t e r  
and a n a l y s i s  of panoramic photographs suggested t h e  broad d i s t r i -  
b u t i o n  on t h e  p l a n e t a r y  s u r f a c e  o f  e x t r u s i v e  r o c k s  of b a s i c  
composi t ion.  The p o s s i b i l i t y  of t h e  f o r m a t i o n  of a c i d i c  r o c k s  
i n  some areas of the  p l a n e t  i s  n o t  p r e c l u d e d ,  as es tab l i shed  
by Venera 8. 
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2. INVESTIGATION OF ATMOSPHERE AND CLOUD LAYER 
FROM DESCENT MODULES 

MEASUREMENT OF ATMOSPHERIC PARAMETERS D U R I N G  DESCENT OF 
AUTOMATIC STATIONS TO SURFACE OF PLANET 

V. S. Avdcyevskiy, N .  F. Borodin,  V. P. B u n s e v ,  Ya. V.  
Malkov, M. Ya. Marov, S. F. Morozov, M. K.  Rozhdestven- 

s k i y ,  R .  S. Romanov, S. S. Sokolov, V. G .  Fokin,  
Z .  P. Cheremukhina, and V. I. S h k i r i n a  

By d i r e c t  measurements, t empera ture  and p r e s s u r e  p r o f i l e s  
i n  t h e  a l t i t x d e  range  0-63 km were recorded  f o r  the  day s ide  of  
t h e  p l a n e t  a t  s o l a r  e l e v a t i o n  a n g l e s  above t h e  hor izon  of  about  
56.5O C and about  62.3O C .  Higher t empera tu res  were ob ta ined  
f o r  t h e  day  s ide i n  t he  63-50 km a l t i t u d e  range  compared t o  t h e  
n i g h t  side (by about  30' C). The mean tempera ture  g r a d i e n t  was 
yav = 7'/km. 
t h e  l and ing  s i t e s ,  was Ps [ s  = l and ing  s i t e ]  = 85-91 icg/cm2 and 
T = 730-740' K.  Measurements of  t h e  a x i a l  g-load r e s u l t i n g  
from aerodynamic b rak ing  of  t h e  DM [descent  module] were made i n  
t h e  63-95 km a l t i t u d e  range. The measured maximum g-loads on 
t h e  Venera 9 and Venera 10  descen t  modules were 136 - + 3 u n i t s  
and 167.5 -- + 0.5 u n i t s ,  r e s p e c t i v e l y .  

The tempera ture  and p r e s s u r e  a t  t h e  s u r f a c e ,  i n  

S 

The d e n s i t y  p r o f i l e  above 63 km found by s o l v i n g  t h e  s y s t e m  
of  e q u a t i o n s  of  DM motion i n  t h e  atmosphere,  u s i n g  t h e  measured 
f u n c t i o n  nx = f ( t ) ,  d i f f e r e d  from t h e  d e n s i t y  p r o f i l e  f o r  a model 
adopted i n  t h e  c a l c u l a t i o n s .  The atmosphere a t  t h e s e  a l t i t u d e s  
was found dense r  and t h e  mean d e n s i t y  g r a d i e n t  was @:Er = 0.195 
km" ( l e s s  t h a n  i n  t h e  c a l c u l a t e d  model). The s o l u t i o n  of t h e  
h y d r o s t a t i c  eql ia t ion f o r  t h e s e  a l t i t u d e s  y i e l d e d  a tempera ture  
p r o f i l e  w i t h  t h e  g r a d i e n t  yav = 2.2' km-'. 

ob ta ined :  p = 3.3.1C1'~ k g ' s e ~ * * m - ~ ,  and T = 2 3 5 O  K .  

A t  t h e  Tevnl a t  
which nxmax was t r a v e r s e d  ( H  = 76 km), these parameters  were /14 
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ESTIMATES OF W I N D  VELOCITY AND TURBULENCE FROM 
RETRANSMISSION DOPPLER MEASUREMENTS OF DESCENT MODULES 

N. M. Ants ibo r ,  R. V. B a k i t ' k o ,  A .  L.  Ginzburg,  V. T. 
Guslyakov, V. V. Kerzhanovich,  Yu. F. Makarov, M. Ya. 
Marov, Ye. P. Molotov, V. I. Rogal ' sk iy ,  M. K.  Rozh- 

d e s t v e n s k i y ,  V. P. S o r o k i n ,  and Yu. IJ. Shnygin 

Measurements o f  t he  v e l o c i t i e s  of Venera 9 and Venera 1 0  
d e s c e n t  modules p r o b i n g  t h e  atmosphere on t h e  s ide  of t h e  p l a n e t  
no t  s e e n  from t h e  E a r t h  were made by the  d o p p l e r  r e t r a n s m i s s i o n  
method by r e t r a n s m i t t i n g  s i g n a l s  v i a  t h e  o r b i t a l  modules of t h e  
s t a t i o n s .  From t h e  f requency  of t h e  s i g n a l  r e c e i v e d  on E a r t h ,  
the  v e l o c i t y  was de termined  t o  a c o n s t a n t  component a s s o c i a t e d  
w i t h  t h e  d r i f t  o f  t he  f r equency  o f  t h e  q u a r t z  master o s c i l l a t o r  
of t h e  DM d u r i n g  t h e  f l i g h t  t i m e ;  t h e  random root-mean-square 
error of measurements was less  t h a n  10  cm/sec. When :he measure- 
ments were p r o c e s s e d ,  c o r r e c t i o n s  were i n t r o d u c e d  f o r  t h e  
t e m p e r a t u r e  d r i f t  of t h e  o s c i l l a t o r  f requency .  

The i m p r e c i s i o n s  i n  t h e  d e t e r m i n a t i o n  of t h e  DM d e s c e n t  
p o i n t s  and t h e  t r a j e c t o r i e s  o f  t h e  o r b i t a l  c r a f t ,  a l o n g  w i t h  
small z e n i t h a l  d i s t a n c e s  of t h e  o r b i t a l  modules d u r i n g  t h e  
d e s c e n t  time made i t  h a r d e r  t o  i s o l a t e  t h e  r e g u l a r  wind v e l o c i t y  
components from t h e  d o p p l e r  measurements.  To de t e rmine  t h e  
c o n s t a n t  d i sp l acemen t  of  t h e  o s c i l l a t o r  f r equency  and t h e  dev ia -  
t i o n  of t h e  l a n d i n g  s i tes  from t h e  c a l c u l a t e d  v a l u e s ,  u s e  w 2 s  
made of measurements o f  t h e  f r equency  o f  t h e  s i g n a l  r e c e i v e d  
a f te r  l a n d i n g .  The wind v e l o c i t y  was found by i n t e g r a t i n g  
e q u a t i o n s  i n c i u d i n g  d i f f e r e n c e s  o f  t h e  measured and c a l c u l a t e d  / l 5  
and a l l o w i n g  f o r  t h e  h o r i z o n t a l  d r i f t  o f  t h e  module caused  by 
t h e  wind. Estimates of a tmosphe r i c  t u r b u l e n c e  were fcund 
d i r e c t l y  from t h e  i r r e g u l a r  v a r i a t i o n s  o f  t h e  d o p p l e r  v e l o c i t y .  

From p r e l i m i n a r y  estimates, wind v e l o c i t y  a t  t h e  beg inn ing  
o f  t h e  d e s c e n t  was up t o  60 m/sec a t  a l t i t u d e s  above 50 km. 
With d e c r e a s e  i n  a l t i t u d e ,  t h e  wind v e l o c i t y  became smaller and 
n e a r  t h e  s u r f a c e  (a t  the  a l t i t u d e  o f  30-40 m), i t s  estimates 
were 0 . 8  + 1.0 m/sec f o r  Venera 9 and 0 .6  + 1 . 0  m/sec f o r  
Venera 10, The t u r b u l e n t  v e l o c i t y  f l u c t u a t i o n s  d i d  not  exceed 
1.0-1.5 m/sec at a l l  a l t i t u d e s ,  i n c l u d i n g  t h e  c loud  l a y e r ;  t h e  
r e l a t i v e l y  small t u r b u l e n c e  i n d i c a t e s  t h a t  Venusian c l o u d s  a r e  
evident.1.v more l i k e  s t r a t u s  t e r r e s t r i a l  c l o u d s ,  t h a n  cumulus 
t e r res t r ia l  c l o u d s .  

- 
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PRELIMINARY RESULTS OF NARROW-BAND PI'OTOMETRIC 
PROBING OF THE VENUSIAN CLOUD LAYER I N  THh 

0.8-0.87 pm SPECTRAL REGION 

V. I .  Moroz, N. A. P a r f e n t ' y e v ,  N .  F. San 'ko,  
V. S. Zhegulev, L. V. Zasova, and Ye. A .  Us t inov  

On Venera 9 and Venera 1 0  descen t  modules were instal led ide r i  
t i c a l  photometers  *rieas w i n g  the intensity o f  a t  mosphere-scat t ered 
s o l a r  r a d i a t i o n  a r r i v i n g  a t  45' t o  t h e  z e n i t h ,  as t h e  s t a t i o n s  
descended i n  t he  a l t i t u d e  range 64-34 km. The w i d t h  of t h e  
r a d i a t i o n  p a t t e r n  was about  5' .  R a d i a t i o n  was r e c e i v e d  i n  
th ree  narrow (abou t  50 8 )  s e c t r  1 r e g i o n s ,  c e n t e r e d  on t h e  
wavelengths 8700, 8200, and ! i f  000 . The first of these c o r r e -  
sponds t o  t h e  C 0 2  band, t h e  second t o  t h e  H 2 0  band,  and t h e  

t h i r d  t o  t h e  c o n t i n u o u s  spec t rum.  

The i n t e n s i t y  o f  s c a t t e r e d  so la r  r a d i a t i o n  i n  t h e  c o n t i n u o u s  
spec t rum g r a d u a l l y  d e c r e a s e s  wiLh d e s c e n t  i n t o  t h e  p l a n e t a r y  
atmosphere.  Superimposed on t h i s  monotonic d e c r e a s e  are 
s i g n i f i c a n t  f l u c t u a t i o n s  a s s o c i a t e d  w i t h  t h e  f l o c c u l e n t  s t r u c t u r e  
of t h e  c l o u d s .  
s t r o n g l y  d u r i n g  a d e s c e n t  below the 4C km l e v e l .  The measure- 
ments can  be zorrelated w i t h  t h i s  model o f  t h e  s t r u c t u r e  o f  t h e  
s c a t t e r i n g  medium: a )  t h e  p r i n c i p a l  c loud  layer w i t h  a s c a t -  
t e r i n g  c o e f f i c i e n t  o f  abou t  1.10-5 cm-l and a p a r t i c l e  number 

Absorp t ion  i n  t h e  C 0 2  and H 2 0  bands r ises  

c o n c e n t r a t i o n  o f  abou t  200 ~ m ' ~  i s  above 50 km. I n  t h e  35-50 km 
a l t i t u d e  r ange ,  t h e  s c a t t e r i n g  c o e f f i c i e n t  i s  two t o  t h r e e  t i n e s  
smaller. The p re sence  o f  a second c loud  l a y e r  a t  t h e  a l t i t u d e s  
of 35-45 km i s  n o t  p rec luded .  Below 35 km t h e r e  i s  a p r o b a b l e  
predominance o f  s c a t t e r i n g  i n  a gaseous  R a y l e i g h  atmosphere.  
b )  Throughout t h e  a l t i t u d e  rar.ge i n v e s t i g a t e d ,  e v i d e n t l y  t he re  
are c o n d i t i o n s  t h a t  are s imilar  t o  c o n s e r v a t i v e  s c a t t e r i n g  
I - a 6 (where a i s  t h e  a l b e d o  of  s i n g l e  s c a t t e r i n g )  w i t h  
a t o t a l  o p t i c a l  t h i c k n e s s  of  about  25; c )  t h e  c loud  layer  
c o n s i s t s  o f  i n d i v i d u a l  compact f o r m a t i c n s ,  whose s i z e  f a l l s  
i n  t h e  r a n g e  from s e v e r a l  hundreds o f  meters t o  s e v e r a l  k i l o -  
meters; and d )  t h e  r a t i o  o f  t h e  volume c o n t e n t  o f  H 2 0 / C 0 2  i s  

% i n  t h e  a l t i t u d e  range  o f  25-45 km ( F i g .  2 ) .  



H, km 
-- I 

c 
F i g .  2 

Results of measuring the H20 abunLanLe in the Venusian 
atmosphere. Plotted along the X axis is n ,  the relative volume 
content of H 0 .  HC stands f o r  terrestrial s p e c t r a s z o ~ y ,  P -- 
-- radioastronomy, and B4-Bl0 ,  for Soviet descent modules .  The 
arrows indicate the upper and lower limits. 
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PRELIMINARY RESULTS OF INVESTIGATING ILLUMINATION 
CONDITIONS I N  THE ATMOSPHERE AND ON THE SURFACE 

OF VENUS 

V. S. Avduyevskiy, Yu. M .  Golovin,  F.  S. Zavele- 
v i c h ,  V. Ya. Likhushin ,  M. Ya. Marov, D. A ,  Melr- 
n ikov ,  Ya. I. Merson, B. Y E .  Moshkin, K .  A .  Raz in ,  

L. I. Chernoshchekov, and A .  P .  Ekonomov 

The i n s t r u m e n t s  were i n s t a l l e d  Gn t h e  d e s c e n t  modules [DM] 
of Venera 9 and Venera 10 .  The i n s t r u m e n t  s e n s o r s  had a n  autono-  
mous thermal i n s u l a t i o n  sys tem,  and t h e  e l e c t r o n i c  b l o c k s  were 
w i t h i n  t h e  i n s t r u m e n t  bay o f  t he  DM. On b o t h  s t a t i o n s ,  t h e  
i n s t r u m e n t s  s e n t  o u t  o v e r  a l l  t e l e m e t r y  channe l s  i n f o r m a t i o n  
on a l t i t u d e  of abou t  63 km before t h e  communications s y s t e m  
ceased  o p e r a t i n g ,  t h a t  i s ,  about  60 min a f t e r  l a n d i n g .  

From the  expe r imen t s  i n f o r m a t i o n  was o b t a i n e d  c o n c e r n i n g  
t h e  d i s t r i b u t i o n  of  t h e  i n t e n s i v e  s o l a r  r a d i a t i o n  i n  f i v e  spec-  
t r a l  r a n g e s ,  w i t h  t h e  maxima o f  s p e c t r a l  s e n s i t i v i t y  as f o l l o w s :  
0.52 um,  0.59 pm, 0.65 pm, 0 .72  pm, and 0 .96  pm. 

beams f i x i n g  t h e  r a d i a t i o n  from t h e  upper  hemisphere w i t h  a 
c o s i n u s o i d a l  r a d i a t i o n  p a t t e r n ,  from t h e  z e n i t h ,  and from a 
d i r e c t i o n  o f  2 3 O  from t h e  n a d i r ,  w i t h  t h e  r a d i a t i o n  p a t t e r n s  
w i t h i n  t h e  l i m i t s  of t he  a n g l e  - + 20°, r e s p e c t i v e l y .  

I n  these c o n d l t i o n s  w i t h  change i n  a l t i t u d e  i n  t h e  atmosphere 
i n  b o t h  expe r imen t s  agreed c l o s e l y .  

These data re la te  t o  three g e o m e t r i c a l l y  d i s t i n c t  o p t i c a l  

The data o b t a i n e d  on t h e  i l l u m i n a t i o n  c o n d i t i o n s  and changes 

A l t i t u d e  f u n c t i o n s  of t h e  a l b e d o  d e f i n e d  by u s  as t h e  
r a t i o  o f  t h e  measurements o f  t h e  incoming and o u t g o i n g  f l u x e s  
were c a l c u l a t e d ,  measured by t h e  o p t i c a l  heads o f  t h e  i n s t r u -  
ments d i r e c t e d  downward and upward ( t h e  head w i t h  a c o s i n u s o i d a l  
r a d i a t i o n  p a t t e r n ) .  

I n  t h e  i n i t i a l  p a r t  o f  t h e  c u r v e s  o f  t h e  a l t i t u d e  d i s t r i b u -  
t i o n  of i l l u m i n a t i o n  i n f l e c t i o n  p o i n t s  were no ted ;  these  can  b e  

a l t i t u d e  o f  50 km - t 2 km. 

r anges  s t u d i e d  can  be a t t r i b u t e d  t o  Ray le igh  s c a t t e r i n g .  I n  t h e  
a l t i c u d e  r ange  50 km < H < 1 5  km t h e  p r e s e n c e  o f  f i n e l y  d i s p e r s e d  
a e r o s o l  o r  t r u e  a b s o r p t i o n  i s  no t  p r e c l u d e d .  

k t c ? p r c t z Z  22 t h e  Ic.r;cr l3ilt cjf the c i o u a  l aye r ,  a t  t h e  /lg 

Below 15 km, t h e  a t t e n u a t i o n  mechanism i n  a l l  t h e  s p e c t r a l  
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The v a l u e  o f  t he  a l b e d o  f o r  t h e  large a l t i t u d e s  changed o n l y  
s l i g h t l y  . 

I n  d i r e c t  p rox imi ty  t o  t he  s u r f a c e  ( a l t i t u d e  o f  I, 5 km) a n  
a b r u p t  d e c r e a s e  i n  t h e  a l b e d o  was observed ,  which can  be e x p l a i n e d  
by t he  e f fec t  of  t h e  s u r f a c e  a l b e d o  a t  small a l t i t u d e s .  

I n  t h e  expe r imen t s  i n f o r m a t i o n  was o b t a i n e d  on t h e  spec t r a l  
d i s t r i b u t i o n  of r a d i a t i o n  i n  t h e  wavelength r a n g e  0.5-1.06 pm, 
i n d i c a t i n g  t h a t  t he re  i s  some s h i f t  i n  a r a d i a t i o n  maximum i n  
t h e  longwave spec t r a l  r e g i o n .  

I n  acco rdance  w i t h  t h e  d e f i n i t i o n  of a l b e d o  we adopted,  w e  
a l s o  c a l c u l a t e d  i t s  cumula t ive  v a l u e  f o r  t h e  same s p e c t r a l  r a n g e  
(0.5-1.06 pm) ,  t u r n i n g  o u t  t o  be about  0.75 f o r  t h e  a l t i t u d e  o f  
6 3  km. The s u r f a c e  a lbedo  f o r  t h e  d i f f e r e n t  s p e c t r a l  r a n g e s  was 
i n  t h e  l i m i t s  0.02-0.2.  The cumula t ive  f l u x  c a l c u l a t e d  from 
ins t rumen t  r e a d i n g s  i n  the  r ange  of 0.5-1.06 pm a t  t h e  s u r f a c e  
was abou t  1 0 0  W/m , and t h e  i l l u m i n a t i o n  was about  1 4 , 0 0 0  l u x .  

data o b t a i n e d  from t h e  Venera 8 DM, when a l lowance  i s  made f o r  
t h e  d i f f e r e n c e s  made i n  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  

2 

R e s u l t s  of t h e  measurements made agreed o v e r a l l  w i t h  t h e  

C a l c u l a t e d  estimates of l i g h t  a t t e n u a t i o n  w i t h  a l ’ , i tude  
were o b t a i n e d  by employing t h e  Schwar t zch i ld -Schus te r  approx i -  
mat ion  f o r  a two-layer  model. I n  these c a l c u l a t i o n s ,  the lower 
l e v e l  (H < 50 km) was assumed t o  be p u r e l y  gaseous ,  as s c a t t e r i n g  
l i g h t  i n  t h e  Ray le igh  manner, f o r  t h e  uppe r  layer (H > 50 km) 
t h e  o p t i c a l  t h i c k n e s s  ‘I, t h e  a l b e d o  of s i n g l e  s c a t t e r i n g  wo, and 
t h e  parameter of  t h e  s c a t t e r i n g  i n d i c a t r i x  r were v a r i e d .  The 
s o l a r  spec t rum was s p e c i f i e d  f o r  t h e  a l t i t u d e  of 63 km c o r r e -  
sponding  t o  t h e  beg inn ing  o f  measurements.  The measured albedo- 
were spec i f i ed  f o r  t h e  p l a n e t a r y  s u r f a c e .  

- /20 

A good approximat ion  of c a l c u l a t e d  c u r v e s  t o  e x p e r i m e n t a l  
r e s u l t s  was o b t a i n e d  f o r  these  upper - layer  parameters: ‘I = 20-30; 
wo = 0.999;  and r = 0.5-0.7.  

v a l u e s  f o r  a l l  i n s t r u m e n t  channe l s  a t  a l l  a l t i t u d e s  d i d  n o t  
exceed 30 p e r c e n t .  

D e v i a t i o n s  of  t h e  c a l c u l a t e d  resul ts  from t h e  e x p e r i m e n t a l  

16  



NEPHELOMETRIC MEASUREMENTS (PRELIMINARY RESULTS) 

M. Ya. Marov, B. V. Byvshev, K .  M .  Manuylov, Yu. P. 
Baranov, I. S. Kuznetsov, V. N .  Lebedev, V. Ye. Lys- 
t C C v ,  A .  V. Maksimov, G .  K .  Popandopulo, V.  A .  Raz- 

d o l i n ,  V. A. Sandimirov,  and  A .  M .  F r o l o v  

The measurements were made a t  t he  wavelength  of  0.92 pm i n  
the  62-18 km a l t i t u d e  r ange .  The main c loud  layer  of Ventis 
e x t e n d s  from t h e  a l t i t u d e  o f  49 km above t h e  p l a n e t a r y  s u r f a c e ;  
t h e  c l o u d s  are  q u i t e  t r a n s p a r e n t ;  and m e t e o r o l o g i c a l  v i s i b i l i t y  
i s  1-3 km. The main m i c r o s t r u c t u r a l  c h a r a c t e r i s t i c s  i n  t h e  c loud  
layer are these: t h e  mean p a r t i c l e  s i ze  i s  1-3 pm and t h e  p a r t i c l e  
number c o n c e n t r a t i o n  i s  500-100 ~ m ’ ~ .  
a e r o s o l  component i n  t h e  u n d e r l y i n g  atmosphere i s  p r e s e n t e d :  mean 
p a r t i c l e  s i z e  i s  2 .5  pm, t h e  p a r t i c l e  number c o n c e n t r a t i o n  i s  

One p o s s i b l e  model o f  t h e  

2 cm-’, and t h e  index  of r e f r a c t i o n  of t h e  p a r t i c l e  material i s  
1.8-2.1.  

F i g .  3 shows t h e  measured a l t i t u d e  dependences of t h e  a n g u l a r  
s c a t t e r i n g  i n d i c a t o r s  f o r  the  b o ,  15O, 4 5 O ,  and 180° nephelometer  
channe l s  i n  t h e  ??enera 9 d e s c e n t  r e g i o n .  

F i g .  4 shows t h e  a l t i t u d e  t r e n d  o f  t h e  a t t e n u a t i o n  i n d i c a t o r  / 2 1  - 
. a ( H )  f o r  t h e  Venera 9 and Venera 1 0  s t a t i o n s .  

The means o f  t h e  o p t i c a l  and m i c r o s t r u c t u r a l  c h a r a c t e r i s t i c s  
t y p i c a l  o f  t h e  l a y e r s  are i n  t h e  t ab le :  
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3. INVESTIGATIONS OF ATMOSPHERE A N D  CLOUD 
COVER FROM ONBOARD ARTIFICIAL SATFC::,ITES 

PRELIMINARY RESULTS OF INVESTIGATING THE INFRARED 
SPECTRUM OF VENUS FROM ARTIFICiAL SATELLITES 

V. I. Gnedykh, V.  S. Zhegulev, L.  V .  Zasova, 
V. I .  Moroz, N .  A .  P a r f e n t ' y e v ,  and G, V. Tomasheva 

Spec t romete r s  f o r  t h e  1.6-2.8 pm range  were i n s t a l l e d  on 
t h e  Venera 9 and Venera 1 0  a r t i f i c i a l  s a t e l l i t e s ,  The s p e c t r a l  
r e s o l u t i o n  was 0 . 1  u m .  About 20 ser ies  o f  measurements were 
made n e a r  t h e  o r b i t a l  p e v i c e n t e r ,  eacn  of  t h e s e  sz r ies  c o n t a i n i n g  
up t o  150 spec t rum a l o n g  t n e  p a t h  t r a n s e c t i n g  t h e  p l a n e t  from 
t h e  t e r m i n a t o r  t o  t h e  l i m b .  The phase  a n g l e s  were i n  t h e  r ange  
6 0 - 1 2 0 ~ .  P re l imina ry  p r o c e s s i n g  and i n t e r p p e t a t i o n  of  t h e  
measurements a f f o r d e d  t h e s e  conc lus ions :  

1. The CO a b s o r p t i o n  bands about  3 pm are  formed w i t h i n  
2 

t h e  s c a t t e r i n g  c loud  medium. The behav io r  o f  t k d  a b s o r p t i o n  
bands w i t h  change i n  t h e  phase  a n g l e  and t h e  center -edge  e f f e c t  
c l o s e l y  s a t i s f i e s  t h e  s c a t t e r i n g  model and i s  no t  i n  agreement 
w i t h  t h e  s imple  r e f l e c t i o n  model. 

2. The upper  l i m i t  o f  t h e  c loud  cove r  (def i r ied as t h e  
l e v e l  a t  which t h e  c o n c e n t r a t i o n  d r o p s  o f f  by e t imes )  i s  at, 
t h e  a l t i t u d e  of  65-68 km. 

3. The v e r t i c a l  p r o f i l e  c "  t h e  c loud  layer  i s  character!zed 
by t h e  a l t i t u d e  s c a l e  Ha N 3-5 km. 

4 .  The h o r i z o n t a l  p r o f i l e  of  t h e  upper  l i m i t  a t  t h e  s c a l e s  
o f  50-100 km and more i s  ve ry  smooth: v a r i a t i o n s  i n  i t s  a l t i t u d e  
do n o t  exceed 1-2 km. 

5. The b r i g h t n e s s  i n  t h e  ccn t inuous  spectrum i n  t h e  2.2-2.4 
pm r e g i o n ,  i n  a b s o l u t e  magnitude and i n  terms of  a n g u l a r  depen- 
dences,  c a n  be a t t r i b u t e d  t o  t h e  model o f  a s e m i - i n f i n i t e  
a tmosphere a t  a = 0 . 9 8  and g 0 . 7 .  
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PHOTOMETRIC AND POLARIMETRIC MEASUREMENTS FROM 
ARTIFICIAL VENUS SATELLITES 

/25 

L. V. Ksanfomal i t i ,  0. F. Ganpantserova,  V. P.  Davydov, 
V. G .  Zolo tukhin ,  Y e .  F. K i r i l l o v ,  G .  N .  Krasovskiy ,  

V. M. Fi l imonova,  and N .  G .  Khavenson 

The expe r imen t ' s  g o a l  was s t u d y i n g  laws of l i g h t  s c a t t e r i n g  
In  the  upper  l a y e r  of Venu i a n  c l o c d s  and,  i n  p a r t ,  i n  t h e  atmo- 
saheric l a y e r  above t h e  c l o u d s .  Measure3ent of t h e  degree o f  
l i gh t  p o l a r i z a t i o n  i n  t h e  selected phase a n g l e s  allows u s  t o  
f i n d  the  Rayle igh  s c a t t e r i n g  o f  l i g h t ,  t o  estimate t h e  d i s p e r s i o n  
of c loud- l aye r  p a r t i c l e  s i z e s ,  and when the re  i s  a l o n g  enough 
series Gf phase a n g l e s  i n  which t h e  measurements wel=e made, t o  
de t e rmine  t h e  index  of r e f r a c t i o n  o f  t h e  s c a t t e r i n g  medium. 
Measuring t h e  c o n t r a s t s  i n  t h e  3300-8000 1 cange  was a separaf ,e  
problem. 

The experiment  was conducted w i t h  t h ree  photometers  p l a c e d  
atJoard e a c h  s p a c e c r a f t .  P r e l i m i n a r y  a n a l y s i s  of t h e  data showed 
t:ie fo l lowing .  C o n t r a s t s  i n  t h e  u l t r a v i o l e t  r a n g e  r eached  16-20 
p e r c e n t .  A t  phase a n g l e s  of 8 6 " ,  t h e  c o n t r a s t s  i n  t he  i n f r a r e d  
r a y z  d:d n o t  exceed 4-6 p e r c e n t .  Unexpectedly l a r g e  c o n t r a s t s  
t o  5-7 Le rcen t  and h igh  r were r eco rded  on 31 October  1975 a t  
the  wavelength o f  7000 P a t  phase a n g l e s  o f  59O. 

The r e s u l t s  of u l t r a - J i o l e t  pho tomet r i c  measurements a l l o w  
us t o  s t a t e  t h a t  above t h e  s u r f a c e  o f  t h e  main c loud  l a y e r  there  
Zs a f i n e l y  d i spe r sed  inhomogeneous medium w i t h  a n  approximate  
t i i i ckness  o f  6 km having  s c a t t e r i n g  p r o p e r t i e s  t h a t  are c l o s e  t o  
Rayle'gh p r o p e r t i e s .  Comparison of  e x p e r i m e n t a l  data  w i t h  
c a l c u i a t e d  data g i v e s  a s a t i s f a c t o r y  agreemer.t f o r  t h e  o p t i c a l  
t h i c k n e s s  or' t h e  s c a t t e r i n g  medium o f  0.6-0.9. Beneath t h i s  
medium i s  t h e  main c loud  layer  of Venus w i t h  c o n s i d e r a b l e  
a b s o r p t i o n  i n  u l t r a v i o l e t  r ays .  
detai ls  can  be  cons ide red  as breaks o r  r e d u c t i o n  i n  o p t i c a l  
t h i c k n e s s  i n  t h e  upper  s c a t t e r i n g  layer, which e x p l a i n s  t h e  
n a t u r e  o f  t h e  u l t r a v i o l e t  images o f  Venus. The  upper  l i m i t  t o  
t h e  s c a t t e r i n g  layer  i s  a t  t h e  a l t i t u d e  o f  abou t  76 km abcve 
t h e  p l a n e t a r y  s u r f a c e .  

I t  was shown t h a t  d a r k  c o n t r a s t y  /26 - 

Cons ide rab le  changes i n  p o l a r i z a t i o n  were cbse rved  i n  u l t r a -  
v i o l e t  rays  of  a f a c t o r  of  t h r e e  t o  f o u r  times a l o n g  t h e  p a t h .  
There were c o n s i d e r a b l e  i c c a l  i nhomogene i t i e s .  The maximum p o l a r i -  
z a t i o n  a t  t h e  l i m b  and a t  t h e  t e r m i n a t o r  1' riched 4.5 p e r c e n t ,  and 
t h e  mean p o l a r i z a t i o n  was 1 .5 -2  p e r c e n t  a t  ?base a n g l e s  o f  86". 
These v a l u e s  can  be  i n t e r p r e t e d  as c cris' 2rable c o n t r i b u t i o n  of  
Rayleigh s c a t t e r i n g ,  from 0.035 t o  G . O f . 5  .tnd r e l a t i n g  t o  l e v e l s  
where t h e  p r e s s u r e  i s  40-110 mb ( F i b .  5 ) .  
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MEASUREMENT OF THERMAL R A D I A T I O N  OF PLANET FROM 
ARTIFICIAL VENUS SATELLITES 

L. V. K s a n f o m a l i t i ,  Y e .  V. Dedova, L. F. Obukhova, 
V. M. Pokras ,  A .  I. Rutkovskiy,  I ,  V ,  Temnaya, 

and G ,  F.  F i l i p p o v  

A r t i f i c l a l  Venus s a t e l l i t e s  a f f o r d e d  a de ta i led  s t u d y  o f  
t h e  thermal r a d i a t i o n  of t h e  p l a n e t ,  i t s  anomal i e s ,  d i u r n a l  and 
l a t i t u d i n a l  t r e n d s ,  and a s s o c i a t i o n  w i t h  d e t a i l s  observed  i n  t h e  
u l t r a v i o l e t  r a y s .  

To per form these f u n c t i o n s ,  aboa rd  the  a r t i f i c i a l  s a t e l l i t e s  
were i n s t a l l e d  i n f r a r e d  r a d i o m e t e r s ,  r e c o r d i n g  t h e  thermal emis- 
s i o n  of t h e  p l a n e t  i n  t h e  8-13 agd 18-28 pm r a n g e s ,  a l o n g  w i t h  
c o a x i a l  photometers  i n  t h e  3500 A r ange .  

The thermal I R  r a d i a t i o n  r e c e i v e d  came from t h e  upper  p a r t  
o f  t h e  p l a n e t a r y  c loud  l a y e r .  T h i s  l a y e r  i s  a t h i R  f o g ,  e v i d e n t l y  
made up o f  s u l f u r i c  a c i d  d r o p l e t s .  The d r o p l e t s  had a diameter 
of abou t  2 Dm m d ,  a t  t h e  a l t i t u d e  o f  t h e  e m i t t i n g  layer ,  were /28 
c o n t a i n e d  i n  t h e  amount o f  50-200 cmm3; t h e i r  c o n c e n t r a t i o n  
r e l a t i v e  t o  C 0 2  was 3.10'5. 
from t h e  model o f  t h e  Venusian a tmosphere ,  t h e  a l t i t u d e  of  t h e  
layer from which t h e  emis s ion  came was 63-67 km. The p r e s s u r e  
a t  these a l t i t u d e s  i s  50-130 mb. 

7 

From t h e  data o f  t h i s  s t u d y  and 

The ve ry  first r e su l t s  showed t h a t  t h e  mean b r i g h t n e s s  
tempo a t u r e s  o f  t h e  e m i t t i n g  l aye r  were 233-234O K on t h e  day 
s ide,  w i t h  a s t r a n g e  r ise  i n  temperatures i n  t h e  evening  zone. 
An a t t e m p t  was made t o  e x p l a i n  t h i s  e f f e c t  by  two d i f f e r e n t  laws 
o f  "darkening  toward t h e  edge." 

F u r t h e r  i n v e s t i g a t i o n s  confirmed t h i s  assumpt ion ,  b u t  
showed tha t  it i s  n o t  s u f f i c i e n t .  I t  was found t h a t  t h e  n i g h t  
t e m p e r a t u r e s  on Venus (we are  s p e a k i n g  about  t h e  upper  par t  of 
t h e  c loud  l aye r )  i s  somewhat h ighe r  t h a n  t h e  d a y  t e m p e r a t u r e s .  
The d i f f e r e n c e  i s  s t a b l e ,  and i n  t h e  aer iod of o u r  measurements 
was l0 -1 lo  ( t h e  n i g h t  t e m p e r a t u r e s  a r e  a b o u t  2 4 h 0  K ) .  Thus,  i t  
was shown t h a t  t h e r m a l  asynlmetry o f  t h e  p l a n e t  was observed .  
The p r o b a b l e  cause  i s  t h e  p e r i o d s  o f  s t r o n g  convec t ive  c u r r e n t s  
i n  t h e  day zone sweeping away p a r t  o f  t h e  e m i t t i n g  material i n t o  
t h e  cone above t h e  c l o u d s ,  a t  a n  a l t i t u d e  o f  up t o  3-4 km. T h i s  
produces a n  e m i t t i n g  f i e l d  w i t h  c o n s i d e r a b l e  inhomogene i t i e s .  
It was shown t h a t  t h e  " n i g h t  regime" ( h i g h e r  temperatures) 
encompasses c o n s i d e r a b l y  more t h a n  h a l f  t h e  p l a n e t .  There  a re  
wide t r a n s i t i o n a l  zones i n  t h e  thermal emis s ion  o f  t h e  day  s ide  
(F ig .  6 ) .  
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These data a l l o w  u s  a p p r e c i a b l y  t o  r e f i n e  the  r a d i o m e t r i c  
a lbedo  o f  Venus, which i s  about  0.79. 

From t h e  r e s u l t s  of measurements,  t h e  t h i c k n e s s  o f  t h e  
layer o f  t h e  co r re spond ing  o p t i c a l  t h i c k n e s s  T = 1 is  4.5-5 km. 

Besides the stable g l o b a l  asymmetry, there are a series of 
f i n e r  i nhomogene i t i e s ,  p robably  a s s o c i a t e d  w i t h  t h e  dynamics o f  
p l a n e t a r y  atmosphere.  

An i n t e r e s t i r i g  fac t  was t h e  c o i n c i d e n c e  o f  day t e m p e r a t u r e s  
w i t h  t h e  p o i n t  o f  phase t r a n s i t i o n  o f  the  s u l f u r i c  a c i d  cu rve  
a t  8 c o n c e n t r a t i o n  of abou t  70 p e r c e n t .  T h i s  i n d i r e c t l y  a l l o w s  
u s  t o  estimate t h e  water vapor  c o n t e n t  a t  a n  a l t i t u d e  o f  63-67 km. 

It must be 0.g*10’4 w i t h  r e s p e c t  t o  ca rbon  d2oxide.  
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Fig .  6.  Thermal asymmetry of  Venus 
Key: 1. Evening t e r m i n a t o r  

2.  Measurements 
3. 
4 .  Night  
5. Unknown 
6 .  Morning t e r m i n a t o r  
7 .  36' 
8.  Day 

' in f ra red  (TV = 244O K )  

a v  

' in f ra red  (TV = 233-234' K )  
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ATMOSPHEIW OF VENUS FROM RADIO CWCLTATION DATA 

M. A. Kolosov, 0. I ,  Yakovlev, A. I. Yefimov, 
T. S. Timofeyeva, G. D. Yakovleva, Ye. V. Chub, 

V. F. Tikhonov, and V. K. Shtrykov 

Forty-four r a d i o  o c c u l t a t i o n s  were made o f  t h e  Venusian 
atmosphere i n  f o u r  r e g i o n s  on t h e  n i g h t  and day sides o f  t h e  
p l a n e t  w i t h  t h e  Venera 9 and Venera 1 0  a r t i f i c i a l  sa te l l i t es .  
A l t i t u d e  dependences o f  d e n s i t y ,  p r e s s u r e ,  and t empera tu re  were 
ob ta ined  i n  t h e  40-90 km range.  
permanent s t ra ta l  format ions  were recorded ,  The e l e c t r o n  
c o n c e n t r a t f o n  was found as f u n c t i o n s  of a l t i t u d e  i n  t h e  r ange  
H = 100=330 km f o r  d i f f e r e n t  s o l a r  z e n i t h  a n g l e s .  I n  t h e  
40-50 km a l t i t u d e  range there  was good agreement w i t h  data 
ob ta ined  earlier from descen t  modules (Figs .  7 and 8 ) .  

A t  t h e  a l t i t u d e s  o f  56-64 km, 
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INVESTIGATION OF SCATTERED L RADIATION I N  
a 

THE VICINITY OF VENUS 

A. I. Dzyubenko, Zh.-L. Ber to ,  Zh. Blamon, 
V. G. Kurt ,  T. A. Mizyakina, Y e .  N. Mironova, 

N. N. Romanova, and A. S. Smirnov 

R e s u l t s  of measuring p r o f i l e  and i n t e n s i t y  of scattered 
- r a d i a t i o n  i n  the v r c i n i t y  o f  Venus, ob ta ined  w i t h  photometers  

i n s t a l l e d  on t h e  Venera 9 and Venera 1 0  a r t i f i c i a l  sa te l l i tes ,  
are p resen ted .  The measurements of t h e  half-width of t h e  p r o f i l e  
of scattered La r a d i a t i o n  were made wi th  abso rb ing  c e l l s  f i l l e d  
w i t h  hydrogen and  deuter ium. When t h e  incandescen t  f i l a m e n t s  
were ene rg ized ,  H2 and D2 molecules  are p a r t i a l l y  d i s s o c i a t e d ,  
l e a d i n g  t o  r a d i a t i o n  be ing  absorbed i n  a band w i t h  width 0.05 A 
wi th  i t s  c e n t e r  a t  Xo = 1215.7 and 1215.4  A .  

s e s s i o n s  l a s t i n g  80 minutes ,  ex t end ing  t o  t h e  removal of t h e  
l i n e  of s igh t  by 2' from t h e  p l a n e t a r y  center. .  The maximum 
i n t e n s i t y  n e a r  t h e  i l l u m i n a t e d  Venusian l i m b  was 24 kR (F ig .  9). 

La 

- /33 

0 

0 

The measurements were made n e a r  t h e  o r b i t a l  p e r i c e n t e r  i n  

D i s t r i b u t i o n  o f  t he  i n t e n s i t y  beyond t h e  p l a n e t a r y  l imb 
was compared w i t h  the t h e o r e t i c a l  c a l c u l a t i r  I ,  i n  which the  
d e n s i t y  of a tqmic hydrogen was g iven  by the  Chamberlain model, 
determined by three  parameters :  t h e  height  of t h e  c r i t i c a l  l 5 v e l  
he, d e n s i t y ,  and t empera tu re  a t  t h i s  l e v e l  (nc and Tm). 
best co inc idence  when measuring i n t e n s i t i e s  from 450 R t o  10 kR 

i n  t h e  model o f  an o p t i c a l l y  t h i n  layer .  Measuring the  r a t i o  o f  
t h e  s i g n a l  when t h e  hydrogen c e l l  i ncandescen t  f i l a m e n t s  were 
ene rg ized  and deenerg ized  made it p o s s i b l e  t o  independent ly  
estimate Too = 400° f looo  K. 

The measurement o f  t h e  i n t e n s i t y  when t h e  deuter ium c e l l  
was switched on and o f f  p e r m i t t e d  de t e rmin ing  t h e  upper l i m i t  
of  t h e  atomic deuter ium con ten t  D/H, which does  no t  exceed 
s e v e r a l  p e r c e n t .  

The 

wes reached when hc = 275 km, Too = 450 + 50° K, and nc = 1 0  5 cm- 3 - 

- 

Readings of t h e  s ide-scanning  d e t e c t o r  measuring L r a d i a -  a 
t i o n  s c a t t e r e d  i n  the hydrogen c e l l  made i t  p o s s i b l e  t o  d i s c r i m i -  
n a t e  r a d i a t i o n  scr,ttered by atomic oxygen i n  the Venus 
atmosphere i n  t he  t r i p l e t  l i n e s  01  X 1302, 04 ,  and 05 
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SPECTROSCOPY OF THE VENUSIAN NIGHT SKY GLOW 

v. A. Krasnopol 'skiy,  A. A ,  Krys'ko, and V, N. Rogachev 

I d e n t i c a l  spec t romete r s  f o r  abso rb ing  t h e  a tmospher ic  glow 
and having  the  fo l lowing  c h a r a c t e r i s t i c s  were i n s t a l l e d  aboard 
the Venera 9 and Venera 10  a r t i f i c i a l  sa te l l i tes :  spectral 
r e g i o n  3000-8000 A, s p e c t r a l  r e s o l u t i o n  20 A ,  f i e ld  o f  view 12', 
t h r e s h o l d  s e n s i t i v i t y  30 Rayle ighs ,  dynamic r ange  3*104, and 
spectral  r e c o r d i n g  time 2.5 s e c .  Night glow s p e c t r a  were 
ob ta ined :  t h e y  c o n t a h  upwards o f  t e n  emiss ions  be long ing  t o  
one system o f  molecu la r  bands. The i n t e n s i t y  o f  the s y s t e m  glow 
was about  100 k i l o - r a y l e i g h s  a t  t h e  planetary l i m b .  The glow 
was concen t r a t ed  i n  a layer 10-15 km t h i c k  a t  an  a l t i t u d e  of 
about  95 km. The d i u r n a l  t r e n d  o f  the glow was c h a r a c t e r i z e d  
by t h e  z e n i t h a l  i n t e n s i t y  o f  4 k i l o - r a y l e i g h s  a t  a n  hour  a n g l e  
o f  t = 310°, by a r i se  t o  7 k i l o - r a y l e i g h s  by midnight  when 
t = 345O, and by a subsequent  d e c r e a s e  down to 1.5 k i l o - r a y l e i g h s  
when t = 65O. One of  t h e  glow spectra measured i s  i n  F ig .  10. 
Here is  a l s o  shown i n s t r u m e n t a l  s e n s i t i v i t y ,  T h i s  spectrum has 
t h e  c l o s e s t  s i m i l a r i t y  t o  the  b e r y l l i u m  ox ide  spectrum. However, 
t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a  -- absence o f  Be0 bands i n  t h e  
t w i l i g h t  Venusian glow observed by t h e  same i n s t r u m e n t s ,  and 
some aeronomic arguments,  compel t h i s  i d e n t i t y  t o  be r e j e c t e d ,  
Thus, t h e  Venusian glow spectrum does  n o t  have a n  ana log  among 
che ear l ier  i n v e s t i g a t e d  spectra ana i s  a new band s y s t e m ,  To 
i d e n t i f y  i t ,  25 molecules  w i t h  a v i b r a t i o n a l  f requency  c l o s e  t o  . 
t h a t  observed (1400 em-1) was s e l e c t e d .  By a n  e x c i t a t i o n  p r o c e s s  
there had t o  be a chemical  r e a c t i o n  i n  which t h e  energy y i e l d  

exceeds 3.5 eV,  t h e  l ifetime o f  the  i n i t i a l  components i s  more 

a l l  t h e  compounds, a n l y  C02 molecules  e x c i t e d  i n  the p r o c e s s  

0 0 

t h a n  10  5 s e c ,  and the  ra te  i s  not  less t h a n  l o 3  ~m '~*sec - l .  Of /36 
t 0 t 0 + co2 4 o2 + coi 

sa t i s fy  these c o n d i t i o n s .  Ev iden t ly ,  the  g)ow i s  caused by 
the  i n t e r c o m b i n a t i o n a l  t r a n s i t i o n  3B2 4 ' C  . T h e o r e t i c a l  

g 
c a l c u l a t i o n s  g ive  the  energy o f  t h e  v e r t i c a l  e x c i t a t i o n  3B2 0- 

-- t h e  s t a t e  of  7.35 e V  and t h e  energy o f  t h e  p o t e n t i a l  curve  
minimum of  about 4 e V ,  which does n o t  c o n t r a d i c t  t he  proposed 
i d e n t i f i c a t i o n .  The p o s s i b l e  e x p l a n a t i o n  of t h e  absence of  
analogous glow i n  t h e  Mar t ian  atmosphere observed by u s  on 



. 
the  Mars 5 sa te l l i t e  c o n s i s t s  i n  quenching o f  the 3B2 s ta te  by 
molecu la r  oxygen, and a l s o  p o s s i b l y  by a rgon ,  Estimates are 
g i v e n  o f  t he  e x c i t a t i o n  c o n s t a n t s  a 2 2*1012 &he p r o b a b i l i t y  of' 
e x c i t a t i o n  i n  the  above-presented  p r o c e s s )  and the  uenching  

G l o w  data c o n s t a n t s  KO = 10 

can be used i n  a n a l y z i n g  the a l t i t u d e  dependence and t h e  d i u r n a l  
t r e n d  of t h e  a tomic  oxygen c o n c e n t r a t i o n s .  A q u a l i t a t i v e  
e x p l a n a t i o n  of t h e  d i u r n a l  t r e n d  l i e s  i n  t he  f a c t  t h a t  af ter  t h e  
s e t t i n g  of  the Sun p r o c e s s e s  of c a t a l y t i c  r ecombina t ion  of 
a tomic  oxygen w i t h  the  p a r t i c i p a t i o n  of a c t i v e  hydrogen forms 
(H, OH, H 0 2 ,  and H 2 0 2 >  slow down, and when t h i s  happens,  there 
must be a s h i f t  i n  t h e  c o n c e n t r a t i o n  maximum jownward, l e a d i n g  
t o  s t r o n g e r  glow. The suSsequent  r e d u c t i o n  i n  glow i s  caused 
by a d e c r e a s e  i n  the  c o n c e n t r a t i o n  of a tomic  oxyger! and has a 

8 
9 and Kco = 3'10°1 . -10 -11 , KO = 10 

2 2 

t i m e  c o n s t a n t  of &bout l o 5  s e c  (Fig. 1 0 ) .  
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4. INVESTIGATIONS OF IONOSPHERE, PLASMA, AND 
MAGNETIC FIELD FROM ONBOARD ARTIFICIAL SATELLITES 

/38 

NIGHT IONOSPHERE OF VENUS FROM RESULTS OF TWO- 
A ~ ' R ~  ;QUENCY RADIO OCCULTATION 

Yu. N. Aleksandrov, 14. B. V a s i l ' y e v ,  A. S. Vyshlov, 
G. G. Dolbezhaye,i, V. M. Dubrovin,  A. L. Zaytsev,  

M. A. Kolosov, G. M. P e t r o v ,  N. A.  Sav ich ,  V. A, Samovol, 
L. N. Samoznayev, A. I. Sidorenko,  A. F. f i a s y a n o v ,  

and D. Ya. S h t e r n  

To s t u d y  t h e  mechanism o f  plasma fo rma t ion  i n  t he  upper  
Venusian atmosphere,  it i s  impor t an t  t o  g e t  s y s t e m a t i c  and 
r e l i ab le  i n f o r m a t i o n  on t h e  a l t i t u d e  d i s t r i b u t i o n  of t h e  
e l e c t r o n  c o n c e n t r a t i o n  and i t s  changes w i t h  t i m e .  T h i s  k ind  
o f  data was o b t a i n e d  by m u l t i p l e  two-frequency r a d i o  o c c u l t a -  
t i o n  o f  the  Venusian atmosphere d u r i n g  t h e  f l i g h t  of t h e  Venera 9 
and Venera 1 0  a r t i f i c i a l  s a t e l l i t e s .  The s a t e l l i t e  o r b i t s  were 
such tha t  when t h e y  passed  behind Venus, there  was r a d i o  occu l -  
t a t i o n  of t h e  n i g h t  i onosphe re  o f  t h e  p l a n e t .  A l t o g e t h e r ,  i n  
t h e  p e r i o d  from 24 Nov 75 t o  7 Dec 75,  t h e x  were 19 s e s s i o n s  
o f  two-frequency r a d i o  o c c u l k a t i o n  o f  t h e  Venusian n i g h t  iono- 
sphe re .  The z e n i t h  a n g l e  o f  t he  Sun, ZO,"t t h e  p o i n t  o f  r a d i o  
beam tangency t o  t h e  p l a n e t a r y  s u r f a c e ,  v a r i e d  from 1 2 9  t o  166O 
i n  these s e s s i o n s .  Two wel l -def ined  maxima were observed i n  t h e  
13 p r o f i l e s .  The v a l u e s  o f  t h e  e l e c t r o n  c o n c e n t r a t i o n  i n  t h e  

a l t i t u d e  p o s i t i o n  chsnged from 134 t o  1 4 4  km. 
was s h i f t e d  r e l a t i v e  t o  t he  upper  maximum by 17-24 km and had a 
c o n c e n t r a t i o n  up t o  2'103 ( t h e  2 Nov 75 p r o f i l e ) .  I n  f o u r  
c a s e s ,  a singlemaximum w i t h  a c o n c e n t r a t f o n  from 1.6 '10 cm 
(28 Nov 75 s e s s i o n )  t o  5*103  ~ m ' ~  ( 23  Nov 75 s e s s i o n )  was 
observed We should  take p a r t i c u i a r  n o t e  of  t h e  4 No\ 75 
p r o f i l e  (see Fig .  11). I n  t h i s  p r o f i l e  t h e  upper  maximum 
d i f f e r s  s t r o n g l y  by t h e  f a c t  tha t  gi-ren t h e  h i g h  c o n c e n t r a t i o n ,  
i t s  t h i c k n e s s  i s  ex t remely  small and i s  on ly  4-6 km a t  t h e  l e v e l  
of 5 . 1 0 ~  cmo3. 
t h e  o t h e r s  by t h e  p re sence  of s e v e r a l  maxima r e a c h i n g  v a l u e s  o f  

t h i n  layers  are s u g g e s t i v e  o f  s p o r a t i c  f o r m a t i o n s  t y p i c a l  o f  
t h e  ES r e g i o n  of t h e  E a r t h ' s  ionosphere .  

upper  maximum are i n  t h e  r ange  3*103  t o  8.8.10 3 ~ m ' ~ ,  and i t s  
The lower maximum 

4 -3 
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The p r o f i l e  o b t a i n e d  on 5 Nov 75 d i f f e r s  from 

S i m i l a r  7'10 3 ~ m ' ~  and t h e  t o t a l  o f  on ly  s e v e r a l  k i lomebers .  
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A n  important feature of all Venusian night ionosphere pro- 
files is Its slight extent, which is 30-50 icm. The experimental 
data indicate a considerable variability in the parameters of 
the Venusian night ionosphere, reflecting substantial variations 
in the ionization source. 
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PRELIMINARY RESULTS OF TWO-FREQUENCY RADIO 
OCCULTATION OF THE DAY IONOSPHERE OF VENUS 

Yu. N.  Aleksandrov, M .  B. Vas i l ' yev ,  A. S. Byshlov, 
V. M. Dubrovin,  A. L. Zaytscv,  M .  A. Kolosov, 

G. I. Makovoz, G. M. Pe t rov ,  N. A. Sav ich ,  
V. A .  Samovol, L. N .  Samoznayev, A. I .  Sidorenko,  

A. F. Khasyanov, and D. Ya. S h t e r n  

Two-frequency-decimeter  a r 3  c e n t i m e t e r  r ange  t r a n s m i t t e r s  
f o r  i n v e s t i g a t i n g  t he  p l a n e t a r y  s u r f a c e  by -?adio o c c u l t a t i o n  
were i n s t a l l e d  on t h e  Venera 9 and Venera io ar t i f ic ia l  satel- 
l i tes.  The pro longed  e x i s t e n c e  o f  shadowing o f  t h e  satel l i te  
o r b i t s  r e l a t i v e  t o  Earth p e r m i t t e d  m u l t i p l e  r a d i o  o c c u l t a t i o n  
o f  t he  Venusian ionosphe re  f o r  d i f f e r e n t  c o n d i t i o n s  o f  s o l a r  
i l l u m i n a t i o n .  The a l t i t u d e  p r o f i l e s  o f  e l e c t r o n  c o n c e n t r a t i o n  
were c a l c u l a t e d  from the  data o f  +,he reduced d i f f e r e n c e  of 
d o p p l e r  f r e q u e n c i e s  i n  t h e  spherical symmetry approximat ion ,  

by a t e c h n i q u e  ana logous  t o  t h e  one used i n  i n v e s t i g a t i n g  the  
ionosphe re  of  M a r s .  I n  t he  f i g u r e  is  shown by way o f  example 
a l t i t u d e  prof i les  o b t a i n e d  i n  three s e s s i o n s  o f  two-frequency 
r a d i o  o c c u l t a t i o n s  f o r  d i f f e r e n t  z e n i t h  a n g l e s  o f  t h e  Sun a t  
t h e  p o i n t  o f  r a d i o  beam tangency t o  the  p l a n e t a r y  s u r f a c e  Z . 
The 2 Nov 75 p r o f i l e  was reco rded  when t h e  Venera 1 0  a r t i f i h a l  
satell i te emerged from behind  t h e  p l a n e t  ( Z o  = 14O). A t  t h e  

p r i n c i p a l  i o n i z a t i o n  maximan, a t  t h e  a l t i t u d e  o f  H = 150 km, 
5 -3 t h e  e l e c t r o n  c o n c e n t r a t i o n  was N = 4.2 '10  cm . A t  t he  a l t i -  

t u d e s  of H = 195 km and H = 250 km there are a d d i t i o n a l  maxima 
4 w i th  c o n c e n t r a t i o n s  N = 6.6 '10 A t  t h e  

28 Nov 75 p r o f i l e  o b t a i n e d  d u r i n g  t h e  emergence o f  t h e  Venera 9 
S t a t i o n  a t  ZQ = 46O, these a d d i t i o n a l  maxima were a b s e n t ,  and 

The p r o f i l e  of t h e  even ing  ionosphe re  (Z, = 85O) o b t a i n e d  on 
23 Nov 1 5  as t h e  Venera 9 s t a t i o n  emerged i s  marked by a rela- 
t i v e l y  larger e x t e n t  and can b e  t r a c e d  t o  t h e  a l t i t u d e  o f  
H = 600 km. 

H = 125 krn t he re  is well-defined a n  a d d i t i o n a l  i o n i z a t i o n  

when there was o c c u l t a t i o n  by s i g n a l s  from t h e  Mariner  10 
- t a t i o n  ( F i g s .  11 and 1 2 ) .  

w i thou t  t a k i n g  i n t o  account  t h e  c u r v a t u r e  o f  t h e  r a d i o  beams, /42 

cm'3 and 8.4*103 ~ n ' ~ .  

the  c o n c e n t r a t i o n  i n  t h e  p r i n c i p a l  maximum was N = 3.8'10 5 

The e l e c t r o n  c o n c e n t r a t i o n  i n  t h e  p r i n c i p a l  maximum 
was N = 1.85 '10 5 cm -3 . 
maximum wi th  concen t i*a t ion  N = 10 5 cmL3, which was no t  observed  

I n  a l l  p ro f i l e s  i n  t h e  a l t i t u d e  r ange  
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Fig .  1 2 .  A l t i t u d e  p r a f i l e  of e l e c t r o n  
c o n c e n t r a t i o n  (day i o n o s p h e r e )  



MAGNETIC FIELDS IN THE VICINITY OF VENUS 

Sh. Sh. Dolginov, Ye, G. Yeroshenko, L. M. Zhuzgov, 
W. A. Sharova,  and Bo V. Buzin 

From a l l  t he  i n t e r p r e t e d  magnetograms r e c o r d e d  on t h e  
Venera 9 and Venera 10  ar t i f ic ia l  satel l i tes ,  these c o n c l u s i o n s  
can  be drawn, dependent  on ly  t o  a small e x t e n t  on t h e  t h u s  f a r  
approximate knowledge of t h e  z e r o  l e v e l s  of the  magnetometer 
channe l s  : 

/43 

1. Four r e g i o n s  wi th  d i f f e r e n t  p h y s i c a l  p r o p e r t i e s  
appeared  i n  t h e  v i c i n i t y  o f  Venus: 

a )  a q u i e s c e n t  s o l a r  wind 

b )  a shock f r o n t  (AB % 25-30 gammas) 

c )  a f l u c t u a t i n g  f i e l d  w i t h  AB from 5 t o  30 gammas, 
t y p i c a l  o f  the t r a n s i t i o n a l  zone between t h e  shock f r o n t  and 
the  barrier, and 

d )  a q u i e t e r  f i e ld  i n  t h e  r e g i o n  o f  t h e  penumbra and the  
umbra. 

2. T h e i n t e r s e c t i o n s  o f t h e  shock f r o n t  are i n  agreement w i t h  
t h e o r e t i c a l  models i n  which the  p l a n e t a r y  ionosphe re  is  t h e  
barrier t o  the  s o l a r  wind. A v a i l a b l e  data t h u s  f a r  do n o t  
permit  d i s t i n g u i s h i n g  the  models o f  "ionopause" and "magnetic 
barrier." 

3 .  The s c a l a r  v a l u e  o f  t h e  f ie ld  i n  t h e  penumbra r e g i o n  
exceeds the  s c a l a r  v a l u e  o f  t h e  f i e l d  i n  t h e  s o l a r  wind by 5 
gammas. T h i s  e x c e s s  o f  t h e  f i e l d  can be a s s o c i a t e d  w i t h  t h e  
n a t u r e  o f  flow p a s t  Venus: .an i o n  d e f i c i e n c y  i n  t h e  penumbra 
r e g i o n  i s  compensated by a n  e x c e s s  magnet ic  f i e l d .  The f i e l d  
g r a d i e n t  i n  t h e  "penumbra" r e g i o n  i s  a s s o c i a t e d  w i t h  t h e  plasma 
p r e s s u r e  g r a d i e n t  a t  t h e  "penumbra" boundary. I n  t h i s  r e s p e c t ,  
t h e  n a t u r e  o f  t h e  f i e l d  i n  t h e  f'penumbra" r e g i o n  can  b e  
ana logous  t o  t h e  n a t u r e  o f  t h e  f i e ld  on t h e  n i g h t  s ide  o f  the 
Moon. The d i f f e r e n c e  i s  de termined  by t h e  effect  o f  t h e  
a d j o i n i n g  t r a n s i t i o n a l  zone w i t h  t h e  f l u c t u a t i n g  f i e l d  bounded 
by t h e  "penumbraff and by t h e  shock f r o n t  ( i n  t h e  c a s e  o f  Venus) .  

i n  t h e  i n t e r p r e t e d  magnetogram sometimes c o i n c i d e  w i t h  t h e  
s i g n  of r;he f i e l d  i n  t h e  so l a r  wind (which i s  establ ished from 

4.  The s i g n s  o f  t h e  f i e l d  i n  t h e  r e g i o n  of t he  penumbra 

39 



readings of the  second satell i te) ,  and sometime8 f a i l  t o  cobcide. 
In  the  latter case, it was possible  t o  detec t  short-tern C h l i m f p 8  
i n  t h e  sign of t he  f i e ld  i n  t h e  solar wind wi th  a lead time of 
several hours (2-5 hours). The e f f e c t s  of f i e l d  inwersfon i n  
the  penumbra region had been l i t t l e  studied due t o  a liraited 
numb@r of in te rpre ted  paired sessions.  
t i o n  w i l l  i\arnish data on the effects of conductivity of the 
"b)BLplpIerw and serve as t h e  main c r i t e r i o n  i n  estimating t h e  
upper l i m i t  cf the poss ib le  i n t r i n s i c  magnetic f i e l d  of V@nus. 

Possibly, their obsema- /rr4 

5. Sta r t ing  from the  s i m i l a r i t y  of t h e  topology of the 
Isaagnetfc fields of Earth, Jupi te r ,  Wars, and Mepcury, and the 
fact that a l l  the  fielas of these planets  numerically agree i n  
the  mode1 of the  precessional dynamo showed that the planet 
Venus can have a f ie ld  wi th  H < 11 @tammas. Relrision of t h e  
l h i t i n g  f ie ld  is possible when there is a rev is ion  in the 
dynamfc compression of t h e  planet,  the  angle the ax i s  of rota- 
tion makes w i t h  t h e  o r b i t a l  plane, and the determination of 
t h e  p l ane ta ry  moment of i n e r t i a .  

6. Features of t h e  f i e l d  on t h e  night side of the  planet 
Venus i n  the "penumbra" region confirms t h e  d f f f e re rce  from the 
s i tua t ion  i n  t h e  neighborhood of Mars and once agafn corroborates 
the  statement t h a t  flow pas t  Mars by the solar wind is determined 
above a l l  by t h e  presence of an i n t r i n s i c  f i e l d  around Mars 
( F i g .  1 3 ) .  

TABLE 
Comparison of f i e l d  i n t e n s i t i e s  i n  umbra region and 

i n  solar wind 

i Venera 9 ' Venera 1 0  I 

- t  i :  

I Date of 

26 Oct 75 

28 o c t  75 

30 Oct 75 

9 Nov 75 

11 Nov 75 

25 Nov 75 

I 

pi..------"-, 

! I3 7 IO a ! 

I 
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Venera 9, 25 Nov 75 
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Fig. 13. Components of magnetic field in solar-ecliptical 
coordiaates ($, A ,  H) . - measurements on Venera 9 

x - field components in solar wind 
(Venera 10) 
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PRELIMINARY RESULTS OF STUDYING THE ZONE OF 
SOLAR WIND-VENUS INTERACTION 

/46 

0. L. Vaysberg, I. P. Karp inskiy ,  V. N.  Smirnov, 
B. I. Khazanov, S. A.  Romanov, A .  V. Bogdanov, 

and B. V. Polenov 

RIEP plasma s p e c t r o m e t e r s  were i n s t a l l e d  onboard t h e  
Venera 9 and Venera 10 a r t i f i c i a l  satel l i tes .  The narrowly 
directed,  e l e c t r o s t a t i c  a n a l y z e r s  o f  the  s p e c t r o m e t e r s ,  o r i e n t e d  
i n  d i f f e r e n t  ways, were capab le  o f  measuring t h e  a n g u l a r  and 
energy d i s t r i b u t i o n  o f  the  i o n  f l u x .  

R e s u l t s  of a n a l y z i n g  measurements i n  a s i n g l e  o r b i t  of 
Venera 9 and on f o u r  o r b i t s  of  Venera 10 a f f o r d e d  these 
p r e l i m i n a r y  conc lus ions :  

1. The fo l lowing  zones and fo rma t ions  were d i s t i n g u i s h e d  
i n  the r e g i o n  of s o l a r  wind f low past Venus: 

r e g i o n  o f  c o r p u s c u l a r  shadow 

r e g i o n  o f  low-energy plasma f l u x e s  

r e g i o n  o f  r a r e f a c t i o n  

t r a n s i t i o n a l  r e g i o n  

shock wave, and 

r e g i o n  of  p r e c u r s o r s .  

2. The ins t rumen t  d id  n o t  r e c o r d  t h e  f l u x  of  ions wi th  
e n e r g i e s  < 50 e V  i n  t h e  range o f  % 50° n e a r  t h e  Sunward a i r e c -  
t i o n  i n  t he  r e g i o n  of c o r p u s c u l a r  shadow. 

3. Fluxes  o f  i o n s  w i t h  e n e r g i e s  of 50-100 e V  t o  500 e V  
(at a h igh  s o l a r  wind v e l o c i t y )  were observed i n  the r e g i o n  of 
o p t i c a l  shadow, b e f o r e  t h e  s a t e l l i t e  r o s e  t o  an a l t i t u d e  of 
about  1000 km above the  t e r m i n a t o r  ( a l o n g  the  l i n e  of s i g h t ) .  

s t r eaming  i n t o  the r e g i o n  of t h e  o p t i c a l  shadow from t h e  
p l a n e t a r y  l i m b  s ide.  The i o n s  had a narrow energy d i s t r i b u t i o n  
cor responding  t o  a t empera tu re  of 5-20 eV.  The i o n  energy 
i n c r e a s e d  as t h e  sa te l l i t e  emerged farther from t h e  shadows. 

The a n g u l a r  d i s t r i b u t i o n  o f  t he  i o n s  corresponded t o  t h e i r  /47 
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4. A t  a n  a l t i t u d e  of  abou t  1000 km above t h e  t e r m i n a t o r  
( a l o n g  t h e  l i n e  o f  s i g h t )  there  appeared  a f l u x  o f  i o n s  w i t h  a 
broad a n g u l a r  d i s t r i b u t i o n  and w i t h  a n  energy  d i s t r i b u t i o n  c l o s e  
t o  t h e  d i s t r i b u t i o n  i n  t h e  t r a n s i t i o n a l  r e g i o n  ( t h e  r a r e f a c t i o n  
zone ) .  T h i s  zone i s  d i s t i n g u i s h e d  from t h e  t r a n s i t i o n a l  r e g i o n  
by a lower  f l u x  v a l u e  and  by a nar rower  energy  d i s t r i b u t i o n ,  
which i s  a t t r i b u t e d  mainly t o  the absence  o f  a high-energy 
d i s t r i b u t i o n  t a i l .  With i n c r e a s e  i n  t r a n s i t i n g  o f  the rare- 
f a c t i o n  zone by the  satel l i te ,  t h e  f l u x  v a l u e ,  t h e  mean ene rgy ,  
and i t s  scatter r o s e .  The p l a s . .&  flow v e l o c i t y  had a component 
i n  the  d i r e c t i o n  of t h e  c a v i t y  beyond the  p l a n e t .  The energy  
d i s t r i b u t i o n  o f  t he  i o n s  showed a n  asymmetry expres sed  i n  a 
reduced f l u x  o f  i o n s  i n  t h e  high-energy d i s t r i b u t i o n  t a i l  when 
messured w i t h  a n  a n a l y z e r  o r i e n t e d  c l o s e r  t o  t h e  c e n t e r  o f  t h e  
p l a n e t .  

5. Between t h e  r e g i o n  of i o n  f l u x e s  w i t h  low e n e r g i e s  and 
the  r a r e f a c t i o n  r e g i o n  there  is a boundary less t h a n  100 km t h i c k ,  
where a b r u p t  v a r i a t i o n s  i n  the i c n  f l u x e s  are observed .  Close  
t o  t h i s  boundary t h e  plasma d i s t r i b u t i o n  f u n c t i o n  can  have a 
two-component s t r u c t u r e .  Here there  was a l s o  observed  s p o r a t i c  
b u r s t s  of  4-6 keV i o n s  u s u a l l y  n o t  observed  i n  o t h e r  r e g i o n s  o f  
t h e  zone 01 attar wind-Venus i n t e r a c t i o n .  

6.  The r e c o r d e d  i o n  cempera tu res  i n  t h e  t r a n s i t i o n a l  r e g i o n  
are about  1.5 times less  t h a n  f o l l o w s  from the gas-dynamic model 
of f low past t h e  p l a n e t .  

7. The t h i c k n e s s  o f  t h e  f r o n t  of t h e  2 r i n c i p a l  t h e r m o l y s i s  
of  t h e  i o n s  at the  shock wave can  be about  50 km (assuming f r o n t  
i m m o b i l i t y ) .  Cases of  a p u l s a t i n g  f r o n t  o r  m u l t i p l e  s c a t t e r i n g s  
were observed .  Ahead o f  t h e  t h e r m o l y s i s  f r o n t ,  ups t ream,  there 
u s u a l l y  e x i s t e d  a broad (up t o  10,000 km) r e g i o n  o f  p r e c u r s o r s  
where s e v e r e  f l u c t u a t i o n s  i n  p a r t i c l e  f l u x  d e n s i t y  were r e c o r d e d ;  
the  i o n  d i s t r i b u t i o n  f u n c t i o n  was d i s t o r t e d  compared t o  t h e  
unper turbed  s o l a r  wind flow. 

i n  the  f requency  r ange  of  about  0 . 1  Hz had a lower-frequency 
c h a r a c t e r  i n  t he  r e g f o n  of  p r e c u r s o r s  done i n  t h e  t r a n s i t i o n a l  
r e g i o n .  

- /48 

8. The spec t rum o f  f l u c t u a t i o n s  i n  t he  plasma f low d e n s i t y  

9. The p o s i t i o n  OF t h e  shock wave f r o n t  from o u r  data i s  
i n  agreement w i t h  t h e  data o f  t h e  p r e c e d i n g  o b s e r v a t i o n s  made 
of  Venus and co r re sponds  rough ly  t o  t h e  gas-dynamic model of  
S p r i g h t e r  w i t h  H / r o  = 0.01 .  

Here the  boundary between t h e  zone o f  low-energy f l u x e s  
and t h e  penumbra i s  I n  s a t i s f a c t o r y  agreement w i t h  t h e  ionopause  
model f o r  t h e  same H r o .  
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10.  The n a t u r e  o f  t he  a n g u l a r  and energy  d i s t r i b u t i o n  o f  
i o n s  i n  the r e g i o n  of low-energy f l u x e s  and the  e x i s t e n c e  of a 
boundary between t h i s  r e g i o n  and  t h e  r a r e f a c t i o n  zone a f f o r d  t he  
assumpt ion  that the  r e g i o n  o f  low-energy f l u x e s  i s  a n  i o n o s p h e r i c  
plasma e n t r a i n e d  by t h e  e x t e r n a l  f low.  

The r a r e f a c t i o n  zone i n  t h e  reg ' ion o f  low-energy f l u x e s  can  
e v i d e n t l y  be viewed as a n  a n a l o g  o f  t h e  boundary layer .  

11. The e x i s t e n c e  o f  the  r a r e f a c t i o n  zone where the  plasma 
f l u x e s  d i m i n i s h ,  the v e l o c i t y  i s  d i r e c t e d  toward t h e  r e g i o n  o f  
the  c a v i t y ,  and the  high-energy t a i l  of t h e  i o n  d i s t r i b u t i o n  
f u n c t i o n  i s  s h a r p l y  reduced ,  shows tha t  Venus a b s o r b s  a s i g n i f i -  
c a n t  par t  of  the  s o l a r  wind i o n  f l u x .  An estimate of t he  d e f i c i t  
o f  t h e  plasma f l u x  i n  t he  r a r e f a c t i o n  zone,  on t h e  assumpt ion  
t h a t  t h i s  d e f i c i t  i s  wholly a t t r i b u t e d  to plasna l o s s e s  a t  t h e  
barrier,  co r re sponds  t o  a n  a b s o r p t i o n  o f  abou t  40 p e r c e n t  of t h e  
f low i n  t h e  s e c t i o n  e q u a l  t o  t h e  p l a n e t a r y  d i s k  i n  area. - 149 
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PRELIMINARY R E S U L T S  OF MEASURING PLASMA WITH 
WIDE-ANGLE INSTRUMENTS 

K .  I .  Gringauz,  V. V. Vezrukikh,  T .  K. Breus,  
M .  I .  V e r i g i n ,  G.  I. Volkov, T. Gomboshi, and A .  P. Remizov 

P l a s m a  measurements were made on t h e  Venera 9 and Venera 10 
a r t i f i c i a l  s a t e l l i t e s  i n  October  1375. The i o n  component was 
measured on Venera 9 w i t h  a Faraday c y l i n d e r  (a modula t ion  i o n  
t i l ap ) ,  and t h e  e l e c t r o n  Gomponent was measured w i t h  a p l a n e  
a n a l y z e r  w i t h  a d e c e l e r a t i n g  p o t e n t i a l ;  o n l y  t he  e l e c t r o n  
component was measured on Venera 10.  

M u l t i p l e  measurements were made i n  t h e  o p t i c a l  shadow of 
the p l a n e t ,  i n  t h e  t r a n s i t i o n a l  zone between t h e  "barrier" 
producing  a c i rcumplane ta ' ry  shock wave, and t h e  shock wave 
f r o n t ,  d u r i n g  t r a n s i t i n g  o f  t h i s  f r o n t  atld i n  t h e  unpe r tu rbed  
s o l a r  wind. 

Fig.  1 5  p r e s e n t s  as an  example cumula t ive  e l e c t r o n  and 
d i f f e r e n t i a l  i o n  energy s p e c t r a  f o r  t h e  c i r c u m p l a n e t a r y  s e c t i o n  
of the o r b i t  o f  Venera 9 o b t a i n e d  on 1 Nov T5. ;he s e c t i o n  o f  
the  o r b i t  i s  shown i n  the  c o o r d i n a t e s  X ,  6 + 2 ( t h e  X axis  
passes th rough  t h e  c e n t e r  o f  t h e  p l a n e t  and i s  Sunward i n  
d i r e c t i o n ) .  

- / 51  

The cumula t ive  energy s p e c t r a  of e l e c t r o n s  co r re spond ing  
t o  t he  e l e c t r o n  c o n c e n t r a t i o n  ne % 1 
t r a n s i t i o n a l  zone)  and t h e  t empera tu re  Te % (2-5) '105  K were 
r e g u l a r l y  measured i n  the  o p t i c a l  and c o r p u s c u l a r  p l a n e t a r y  
shadow. I n  the same r e g i o n ,  on an  ave rage  i n  abou t  70 p e r c e n t  
of t h e  t e l e m e t r i c  i n t e r r o g a t i o n s ,  t h e  measured €on f l u x e s  were 
found t o  be below t h e  i n s t r u m e n t  s e n s i t i v i t y  limits, and i n  about  
30 p e r c e n t  o f  t he  c a s e s  i o n  f l u x e s  were reco rded  t h a t  f l u c t u a t e d  
i n  v a l u e ,  randomly d i s t r i b u t e d  ove r  t he  e n t i r e  energy  r a n g e s  t o  
4 . 1  keV (see s p e c t r a  ( a )  i n  F i g .  1 5 ) .  On e x i t i n g  from t h e  
r e g i o n  of  c o r p u s c u l a r  shadow ( l o c a t e d  s e v e r a l  hundreds o f  k i l o -  
meters above t h e  boundary o f  t h e  o p t i c a l  shadow), a " c o r p u s c u l a r  
penumbra" was observed  i n  t h e  t r a n s i t i o n a l  zone,  and w i t h i n  the 
penumbra were observed  i o n  f l u x e s  ( s p e c t r a  ( b ) )  s lower  compared 
t o  t he  t r a n s i t i o n a l  r e g i o n .  I n  t h e  t r a n s i t i o n a l  zone ( s p e c t r a  
( c )  and ( d ) )  t h e  i o n  f l u x e s  i n  each  energy  i n t e r v a l  v a r i e d  ve ry  
s t r o n g l y .  The plasma parameters i n  t h i s  zone were de termined  
from c u r r e n t  v a l u e s  averaged  ove r  1 0  s e c  i n  each  energy  r ange .  
A s  t h e  s a t e l l i t e s  moved from t h e  t f c o r p u s c u l a r  penumbra" t o  t h e  
shock wave f r o n t ,  t h e  plasma c o n c e n t r a t i o n  i n  t h e  t r a n s i t i o n a l  

( l e s s  t h a n  i n  t h e  
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zone n r o s e  ve ry  a p p r e c i a b l y  (by 20-50 times). I n  t r a n s i t i n g  
the  shock wave f r o n t  S ( s p e c t r a  ( e ) ) ,  a j umpl ike  r e d u c t i o n  i n  n 
i n  s e v e r a l  c a s e s  was a l s o  ve ry  a p p r e c i a b l e  (sometimes more t h a n  
f o u r f o l d  1. 

Jumps i n  t h e  plasma c o n c e n t r a t i o n  a t  t h e  shock wave f r o n t  
t h i s  large,  and t h e  i n c r e a s e  i n  n betweer. t h e  zone of t h e  
c o r p u s c u l a r  shadow and t h e  f r o n t  are p o s s i b l y  l i n k e d  t o  t h e  
p r e s e n c e  o f  a d d i t i o n a l  d e g r e e s  o f  plasma freedom i n  t h e  t r a n s i -  
t i o n a l  r e g i o n  ( v i b r a t i o n a l )  2nd w i t h  a co r re spond ing  r e d u c t i o n  
i n  t h e  adiabat index  y compared t o  t h e  of ten-used  v a l u e  o f  5 / 3 .  
It i s  n o t  p rec luded  t h a t  t h e  i n c r e a s e d  plasma c o n c e n t r a t i o n  
g r a d i e n t  i n  t he  d i r e c t i o n  from t h e  shock wave f r o n t  t o  t h e  
boundary of t h e  c o r p u s c u l a r  shadow compared t o  t he  nea r -Ea r th  
c a s e  are a s s o c i a t e d  w i t h  a d i f f e r e n t  n a t u r e  o f  c o r p u s c u l a r  
shadow, t h e  magnetopause i n  t h e  case of t h e  Ea r th ,  and the  
d i f f u s e  a tmospher ic  boundary i n  t h e  c a s e  o f  Venus. 

I n  t r a n s i t i n g  ( a t  d i f f e r e n t  s a t e l l i t e  o r b i t s )  t he  shock 
wave f r o n t ,  f r o n t  s t r u c t u r e s  d i f f e r i n g  wide ly  from each  o t h e r  
were observed:  a very  narrow f r o n t  ( t h i c k n e s s  o f  t h e  o r d e r  o f  
about  20 km), and a f r o n t  " p u l s a t i n g "  over  t h e  e x t e n t  o f  about  
300 km (wi th  c o n s i d e r a b l e  v i b r a t f o n s  of t h e  i o n  f l u x e s ;  an  
a l t e r n a t i v e  e x p l a n a t l o n  of t h e  observed  data can  be t h e  v i b r a -  
t i o n a l  motion of  the narrow shock wave f r o n t  i n  t h e  d i r e c t i o n  
o f  t h e  s a t e l l i t e  o r b i t ,  a t  v e l o c i t i e s  exceed ing  t h e  s a t e l l i t e  
v e l o c f t y ) ,  a v e r y  broad f r o n t  a t  which the  t r a n s i t i o n  from ;he 
charged p a r t i c l e  s p e c t r a  t y p i c a l  o f  t he  s o l a r  wind t o  s p e c t r a  
t y p i c a l  of t h e  t r a n s i t i o n a l  r e g i o n  o c c u r s  o v e r  the  o r b i t a l  
s e c t i o n  hav ing  l e n g t h  o f  about  3000 km, and s o  on. 

'52 - 

I n  t h e  unpe r tu rbed  s o l a r  wind ( s p e c t r a  ( f ) ) ,  i n  most c a s e s  
wel l -def ined  energy  s p e c t r a l  l i n e s  and e l e c t r o n s  were r e c o r d e d ,  
wi th  small f l u c t u a t i o n s  i n  t h e  p a r t i c l e  f l u x e s  i n  a s i n g l e  
energy  r ange  ove r  1 0  s e c  ( F i g .  15 ) .  
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MEASUREMENT OF INTERPLANETARY BACKCROLJND OF 
LOW-ENERGY CHARGED PARTICLES 

N. V. Alekseyev, P. V. Vakulov, N. I. ' Jolodin,  
Yu. P. Gordeyev, Yu. I. Denisov, Yu. T. Logacheu, 
N. F. Pisarenko,  I. A. ShvenKo, L. B. Solov'yev, 

A. F. Ti tenkov,  and V. Ya. Shcherbovskiy 

I n v e s t i g a t i o n s  of '.m-energy charged p a r t i c l e  f l u x e s  were 
made on the  Venera 9 and Venera 1 0  au tomat ic  i n t e r p l a n e t a r y  
s t a t i o n s ;  a detailed measurement was made o f  t he  d i f f e r e n t i a l  
energy spectrum o f  p ro tons  i n  the energy range  (0.075-5) MeV. 
By p rocess ing  t h e  expe r imen ta l  data f o r  June  1975, i n s t a n t s  c!' 
time w i t h  t h e  smallest p a r t i c l e  f l u x e s  were found and energy 
s p e c t r a  were c o n s t r u c t e d  . 4 ~  them. The f i g u r e  shows t h e  r e s u l t s  
of measurements of s p e c t r s  i n  both s t a t i o n s .  
i n d i c a t e d  wi th  a s o l i d  l i n e  is  t h e  spectrum earlier i n  1965 
(l), and with t h e  dashed, t h e  spectrum measured i n  1971 (2). 
The exponent of t he  power f u n c t i o n  o f  the  spectrum i n  1971 w a s  
about 3. The energy spectrum o f  p ro tons  i n  June 1975 d i f fe red  
from the publ i shed  results, e s p e c i a l l y  as t o  s l o p e .  It is more 
g radua l  and i s  desc r ibed  by t h e  power f u n c t i o n  dN/dE = 1.8. 
'10 E- 2- 

For  comparison, 

protons/cm2'sec' ster' keV. 

A t  the  t i m e  o f  measurement, the  s t a t i o n s  were a t  d i f f e r e n t  
d i s t a n c e s  from t h e  Sun. So t h e  observed small d i f f e r e n c e s  i n  
the background particle f l u x e s  a t  t h e  d i f f e - e n t  s t a t i o n s  can be 
a s s o c i a t e d  w i t h  some changes i n  t h e  f lows  i n  space  o r  w i t h  small 
d i f f e r e n c e s  i n  t h e  energv t h r e s h o l d s .  

The r a t i o  o f  t h e  pro ton  f l u x  t o  t h e  helium n u c l e i  i n  the 
energy range (0.5-5) MeV waz 6 5 2,  and the  s l o p e  o f  t he  
spectrum was c l o s e  t o  t h e  s l o p e  of  t h e  p ro ton  spectrum (F ig .  1 6 ) .  
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F i g .  16, Energy spectrum of proton background - - r e s u l t s  of measurements on Venera 9, 
June 1975 (f - data of analyzer 
normalized by means of partfcles in 
d.?screte energy ranges 1 - rcsultv of measurements on Venera 10, 
June 1975 - - - - Lin et all, 1971 - Fan et a l l ,  1965 

Key: A. Protons/cm2*sec -ster*keV 
B.  (keV) 
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